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STUDIES OF CERTAIN NON-PELLICLE-FORMING 
VINEGAR BACTERIA* 

S. C. VANDECAVEYE 

From the Division of Bacteriology^ Washington Agricultural Experiment Station 
Received for publication July 8, 1926 

The group of vinegar bacteria was first studied extensively by 
Hansen (1894), Beyerinck (1898), and Henneberg (1898) who 
independently classified them into a number of species basing 
their classification largely on morphological and physiological 
variations. These species were later reclassified by Janke (1916) 
into groups and sub-groups based principally on morphological 
differences and on one physiological characteristic, namely, that 
of the ability to grow in Hoyer’s mineral solution. More recently 
Bergey el al. (1923), applying the International Rules of Botanical 
Nomenclature to bacteriology, attempted to bring about a more 
sj'stematic arrangement and reclassified the entire group of 
vinegar bacteria under the genus Acetobacter with eleven sub¬ 
ordinate species. The bacteria in these different classifications 
are described as possessing the common characteristic of forming 
at some period of their development a pellicle or film on the 
surface of suitable liquid media. Although species have been 
classified as to the thickness or the (juality of the pellicle, no 
attempt seems to have been made to differentiate non-pellicle- 
from pellicle-forming vinegar bacteria or to describe the former 
as separate species. In 1924 Kluyi'er and De Leeuw (1924) 
described a new species of vinegar bacteria, Ace. suboxydans, 
characterized as non-pellicle-forming and as being able to pro¬ 
duce crystals of calcimn-oxygluconate on yeast extract agar 

* Published with the approval of the Director of the Washington Agricultural 
Experiment Station as Scientific Paper No. 135, College of Agriculture and Ex¬ 
periment Station, State College of W'ashington, Pullman, Washington. 
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supplemented with 2 per cent calcium carbonate and 2 per cent 
glucose. The following year, during the course of a study of 
vinegar making from cull apples the writer (1925) reported the 
isolation of vinegar bacteria which never form a pellicle, yet 
produce large (quantities of acetic acid from alcoholic fermented 
cider. This discovery and that of Kluyver and De I^eeuw 
suggested further investigation with regard to the proper place 
of these bacteria in the systematic classification, under the 
genus Acetobacler or otherwise, and also with regard to their 
comparative economic value. 

The work here reported deals with the morphology, cultural 
characteristics, and physiology of these organisms and to a 
limited extent with their comparative ability to produce acetic 
acid in alcoholic fermented cider. A vigorous .strain of Ace. 
acelicum was used in the last part of this study, primarily for the 
sake of comparison. The methods for pure culture study of 
bacteria as prescribed by the Society of American Bacteriologists 
were followed as closely as the nature of the organisms pennitted. 
Yeast extract agar to which was added 2 per cent glucose, 2 per 
cent CaC’Os, and 10 per cent apple cider, or plain agar supple¬ 
mented with 10 per cent apple cider were used because much 
better growth was secured on these media than on plain agar. 
The yeast extract was prCjpared from compressed yeast accord¬ 
ing to the method of Fred (1919). Kight strains of the non¬ 
pellicle-forming bacteria were used in this work, but only two of 
the most representative strains are included in this paper. The 
cultures used w'ere as follows: 

Ace. syboxydans—a. culture supphed by Dr. Kluyver® of Delft, 
Holland. 

Strains (a) and (6)—two strains of the non-pellicle-forming vinegar 
bacteria isolated from cider in 1925. These two strains differ slightly 
in morphology. 

Ace. aceticum —a vigorous strain used for vinegar experiments in 
1 his laboratory. 

* The writer wishes to take this opportunity to express his sincere thanks to 
Dr. Kluyver for so kindly supplying a culture of Ace. suboxydam for this study. 
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I. MORPHOLOGY 

Form: Ace. suboxydans and Strain (h). Rods, short to medium 
with rounded ends. They are arranged singly and in chains or 
filaments in liquid cultures. 

Strain (a). Most rods are short, some being nearly spherical. 
They are arranged singly and in chains or filaments in liquid 
cultures. 

Size: Ace. saboxydans and Strain [b). The two species are 
quite similar in size. In forty-eight hour cultures and in old 
cultures from both liquid and agar media most of the individual 
cells measure from 0.8 to 1.0 in width by 1.0 to 2.0 in length. 

Strain (a). i\Iost cells measure from O.C to 1.0 in width by 
O.S to 1..5 in length. 

Motility: None are motile in twenty-four hour or forty-eight 
hour-broth cultures. 

Staining reactions: All are (1 ram-negative and fail to stain 
with iodine. 

Spore formation: Both young and old cultures fail to show 
spores and do not resist heating at S5°C'. for ten minutes. 

II. CITLTUR-M. (CHARACTERISTICS 

Agar streak: The growth of each of the three organisms is 
moderate, slowly spreading, slightly raised, and of a dull grayish 
luster. The tojaigrajiliy is smooth and the growth opaque. 
Characteristic odors are absent. The consistency is butyrous 
and the medium unchanged in color. Old cultures of Ace. sub- 
oxydans produce calcium oxy-gluconate crystals on yeast extract 
cider agar to which calcium carbonate and glucose has been 
added. The other types never produce crystals. 

Agar plate colonies: Ace. suboxydans grows rapidly, forms 
circular colonies on yeast extract cider agar and both circular 
and irregular colonies on plain cider agar. The surface is smooth, 
the elevation convex, the edges entire except on plain cider agar 
where a few colonies are lobate or erose. The internal structure 
is amorphous. Young colonies produce a clear ring on yeast 
extract cider agar, supplemented with calcium carbonate and 
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glucose. Old cultures produce crystals of calcium oxy-gluconate 
on this same medium. 

Strains (a) and (6) grow rapidly, forming circular colonies on 
yeast extract cider agar and broth, circular and irregular colonies 
on plain cider agar. The surface is smooth, the elevation con¬ 
vex, the edges entire except on plain cider agar where a few 
colonies are lobate. The internal structure is amorphous. 
Young colonies produce a clear ring on yeast extract cider agar 
supplemented with CaCOj and glucose. Old cultures never 
produce crystals of calciiun oxy-gluconate. 

Nutrient broth: The three organisms leav'e the surface of the 
broth clear without pellicle formation. A slight clouding caused 
by a small amount of rather compact sediment results when 
shaking the broth tubes. Characteristic odors are absent. 

III. PHYSIOLOGY 

Temperature relations: The three organisms grow best at 25” 
to 30°C. 

Chromogenesis: No pigment is formed on agar or broth cultures. 

Relation to oxygen: There is no growth in agar shakes, but some 
growth occurs in liquid cultures covered by a layer of paraffin 
oil. The organisms are aerobic. 

Milk: No change appears in litmus milk and apparently’ no 
growth occurs. 

Relation to nitrogen: Ace. suboxydans and Strain (b) do not 
use nitrogen in the form of ammonia as evidenced by the absence 
of growth in Hoyer’s solution—^Visser ’T. Hooft (1925). 

Strain {a) grows in Hoyer’s solution and is able to use nitrogen 
in the form of ammonia. 

Fermentation: Ace. suboxydans is catalase positive and pro¬ 
duces acids in beef broth and yeast extract from the following 
sugars and alcohols: Glucose, mannitol, sucrose, lactose, ethyl 
alcohol, propyl alcohol, butyl alcohol, glycol. 

Strains (a) and (6) are catalase positive and produce acid in 
beef broth and yeast extract from the following sugars and 
alcohols: Glucose, sucrose, ethyl alcohol, propyl alcohol. 

To give a more definite idea of the acid formation of these 
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organisms the quantitative production of each is recorded in 
table 1. The acid was determined by titrating 1 cc. of the me¬ 
dium with n/10 NaOH using phenolphthalein as indicator. The 
oxidation of the various sugars and alcohols was carried on in 
large test tubes containing 15 cc. of media. The sugars were 
added in 5 per cent quantities and the alcohols in 3 per cent 
portions. Both the yeast extract and beef broth media were 
adjusted to the neutral point of phenolphthalein before inocula- 


TABI.E 1 

Fermentation of sugars and alcohols in beef broth and yeast extract 
Cubic centimeters of n/IO NaOH required to neutralize 1 cc. of media after 
four and six weeks growth 
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tion with the organisms. When only very small amoimts of 
acid were produced they were not considered because they might 
have resulted from impurities present in the sugars and alcohols 
which were used as obtained from the supply houses without 
previous recrystallization or redistillation. The data presented 
are averages of duplicate test tubes. 

In any classification of the various species of the acetobacter 
group attention must be given to the physiological as well as to 
the morphological and cultural characteristics. The physiologi¬ 
cal characteristics in particular deserv’e special consideration 
because there exist wide and specific differences of oxidation 
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powers among the \ arious species. Advantage has i)een taken 
of these differences in the classification of Bergey et al, who 
divided the genus acetobacter into five groups according to the 
oxidation of sj)ecific sugars and alcohols. They further arranged 
the eleA-en species among these groups according to differences in 
morphology and differences in the chemical composition and 
tenacity of the pellicles. If these principles were to be applied 
to the organisms studied here Ace. suboxydavs would probably 
come under the fourth group with regard to oxidation of sugars 
and alcohols. But its morphological differences and especially 
its rare quality of producing crystals of calcium oxy-gluconate in 
certain media would segregate it from that group and make it 
necessary to classify it as a separate species. On the other hand 
/Strains (a) and (b) have oxidation powers similar to the third 
group of Bergey et at., but neither produces the cartilagenous 
pellicle or gives the cellulose reaction of the species in that group. 
Furthermore they differ widely from each other with regard to 
the utilization of nitrogen, hence each would have to be classified 
as a separate species. But it is questionable whether such a 
procedure would be justified. Judging from recent contributions 
to the knowledge of vinegar bacteria it seems that the physiologi¬ 
cal and morphological differences are subordinate to the more 
fundamental biochemical variations of the bacterial protoplasm. 
These factors have not received much attention in the classifica¬ 
tion of Bergey. There is also some difference of opinion regarding 
the selection of some characteristics of the species in this classi¬ 
fication. Visser ’T. Hooft (1925) in a critical biochemical studj' 
of the acetobacter groups says: 

I cannot entirely agree w'ith the American Committee in regard to 
the description of the genus because of the fact that it is certainly unjust 
to characterize all of the vinegar bacteria as non-motile. The most 
varying species may appear in very motile fonns. Therefore, I should 
like to change the identification at this point as either motile by means 
of polar flagella or non-motile. At the same time it would also be ad¬ 
visable to change the word certain other carbonaceous compounds to 
many other carbonaceous compounds. 

Although I am well aware that a key for the determination of species 
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does not have to take into account the fundamental relationships of 
these species, it must be observed that (he characteristics used in this 
key have been selected in an unfortunate manner. First, it is entirely 
unjust to sU te that all the bacteria describtsd form acetic acid from the 
substrata in question. This can (*asily be explained by the fact that 
Bergey et al. wen; satisfied with rearranging a table compiled by Henne- 
berg in 1898 without taking into consideration that when Henneberg 
observed acid production it was not ncces,sarily always acetic acid. It is 
definitely shown from this misconception how little the exact meaning of 
the. chemical and decomposition processes were understood. It is now 
evident from the investigations discuss<*d in this paper that these 
characteristics are of an incidental character and are entirely unfit for 
a true identification. 

'rhe criticisms olTered for the species accepted by Henneberg can 
also be applied to the remainder of the ten species of Bergey et al. 
Furthennore tiie absence of synonyms of all the species described by 
Beyerinck and Iloycr is very conspicuous. 

In the light of the information now available on the vinegar 
bacteria, thanks to the investigations of Msser ’T. Hooft, many 
of his criticisms seem justified, though it should first of all be 
recognized in justice to Bergey et al. that their reclassification of 
these bacteria was merely a serious attempt to bring order out 
of chaos based on the information available in the literature and 
was not a systematic classification based on their own critical 
investigations of the organisms. A truly orderly and permanent 
classification must eventually be the outcome of exhaustive 
studies of groups of organisms by independent or cooperating 
investigators. Visser ’T. Hooft’s contribution to the acetobacter 
group is unquestionably of much value in obtaining this end. 
Therefore, a careful consideration of his proposed classification 
is in order. 

He recognizes the fact that any systematic classification of 
bacteria must take accoimt of the more essential morphological 
as well as physiological characteristics. Under the more essential 
morphological characteristics he considers, first, the cell struc¬ 
ture, second a well established life cycle, as for example, endospore 
formation, and third, the position of the flagella if they are 
present. Concerning the physiological characteristics he points 
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out as essential, first, the way in which the cell provides for its 
energy needs, that is the chemistry of the decomposition process, 
and second the affinity of the bacterial protoplasm for hydrogen. 
He concedes that practically all the investigators who study the 
vinegar bacteria do so primarily for the purpose of making use 
of the ability of these organisms to oxidize to a partial extent the 
energy foods at their disposal. A typical example is the manu¬ 
facture of vinegar, where it is of the utmost significance that the 
manufacturer be thoroughly familiar not only with the rapidity 
and capacity of vinegar production, but also with the further 
oxidation of this product by his bacteria. Therefore, it is 
important to classify the vinegar bacteria from the standpoint of 
their oxidation power and it is with this end in view that Visser ’T. 
Hooft has proposed his new classification. He distinguishes the 
following biochemical types and species. 

A. Catalase negative vinegar bacteria. 

. 1. Bacteria which oxidize gaseous hydrogen. 

1 . Ace, peroxydans n. sp. 

II. Bacteria which do not oxidize gaseous hydrogen. 

B. Catalase positive vinegar bacteria 

I, Bacteria which grow in Hoyer^s solution. 

2 . Ace. aceticxim IBeyerinck 
II. Bacteria which do not grow in Royer’s solution. 

1 . Bacteria which form acids and carbonates on alcohol calcium car¬ 

bonate agar plates. 

3. Ace. rancens Beycrinck 

2. Bacteria which form only acids on alcohol calcium carbonate agar 

plates. 

a. Bacteria which form gluconic acid from glucose calcium car¬ 

bonate agar plates and later oxidize to calcium carl)onate. 

4. Ace. xylinum Brown 

5. Ace melanogenuvi Bcyerinck 

b. Bacteria which form gluconic acid from glucose calcium car¬ 

bonate agar plates and later oxidize to calcium oxy-glucon- 
ate. 

6 . Ace. auboxydans Kluyver and ReLeeuw 

The author of this proposed classification believes that these 
distinctions are of sufficient importance to justify the subdivision 
of the vinegar bacteria under these six headings. However, he 
does not mean that upon further morphological and physiological 
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proof it may not be desirable or even necessary to subdivide into 
several species those bacteria now included under each heading. 
But he points out that under this arrangement any future sye- 
tematic clt-ssification of the vinegar bacteria must take into 
accoimt the existence of the six species listed above which are 
already sufficiently distinguished. 

This classification undoubtedly gives a clear biochemical dis¬ 
tinction which is largely based on the oxidation powers of the 
species. The variations of these oxidation powers are believed 
to be the direct result of specific differences in the hydrogen affin¬ 
ity of the bacterial protoplasm. No thought seems to have been 
given to the possibility of modifying these oxidation powers 
through adaptation of the bacterial cell to unfavorable conditions 
or media. That such modifications are possible in certain cases 
was demonstrated in this study by adapting Strain (a), first, to a. 
modified Hoyer’s mediiun and finally to the standard Hoyer’s 
solution. This was done in the following manner. 

Hoyer’s solution was modified by using acetic acid instead of 
phosphoric acid to clear it. Then 1.5 per cent agar was added 
to a portion of the solution. Plates prepared with this agar 
medium were streaked and tubes with the modified solutioh 
were inoculated with Strains (a) and (b). No growth occurred 
in the solution but a scanty development of Strain (a) appeared 
on the plate. This growth was later transferred to the modified 
solution in which it developed poorly. Then it w^as transferred 
back to the solid medium and better growth was realized. The 
process w'as repeated several times until finally this strain suc¬ 
ceeded in growing in modified Hoyer’s solution. The experi¬ 
ment was successfully repeated with standard Hoyer’s solid and 
liquid media. After growth was well established and acid was 
formed in Hoyer’s solution, the culture was used to inoculate 
alcoholic fermented cider in which it formed acetic acid readily 
and showed all the characteristics of the original Strain (a). 

This illustrates the fact that rigorous tests may sometimes be 
necessary to establish definitely certain characteristics in bacteria. 
How far bacterial variations can be carried on is problematic. 
If similar biochemical reactions result from similar protoplasmic 
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compositions of bacterial cells as Kluyver and Donker (1924) 
contend, it is e\ident that reactions caused by bacteria are 
restricted to the same limits as other biochemical reactions. This 
conception would reduce bacterial variations to relatively narrow 
limits. But the character of the reactions may also be misunder¬ 
stood at times. At first thought, the fact that certain species of 
vinegar bacteria are able to use ammonia nitrogen and others are 
not may not always appear to be a property of oxidation. Yet, 
Visser ’T. Hooft (1925) ascribes the ability of Ace. aceticum to 
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use ammonia nitrogen in the presence of alcohol to its strong 
oxidation power. Various factors like these point to the need 
for detailed and accurate investigations to establish bacterial 
characters which are to be used for systematic classification. 
Nevertheless the proposed classification of Visser ’T. Hooft has 
many advantages. It brings out important biochemical char¬ 
acteristics heretofore ignored. It overlooks some of the less 
important morphological characteristics and by so doing com¬ 
bines several of the species of Bergey et al. into one. This is 
perhaps justifiable, because it tends to simplify the classification 
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and makes the division lines more distinct. However, it seems 
that the possibility of bacterial variation by adaptation has not 
received sufficient attention. It is possible that careful investi¬ 
gations along this line would result in a further rearrangement 
of some of the sjiecies. least it would certainly establish their 
characteristics more definitely, a thing that is wanting in most 
of the classified species. C’onsidering the proj)osed classification 
as a whole, however, it is an improvement over former classifica¬ 
tions and seems to be more acceptable than that of Bergey et al. 
Under it Strawft in) and {b) would not be entered as separate 
species, but Strain (a) would perhaj)s be a variety of species 
.Ire. acelicum and Strain (b) a variety of .4ee. rancens. The 
characteristics which determine this arrangement are given in 
table 2 together with the characteristics of species .4re. aceticum, 
Ace. raneem and .4ce. mhoxydans as given by Visser ’T. Hooft. 

Judging from the e\'idence secured in this study it seems logical 
not to consider Strains (a) and ib) as separate species as would 
result from following the classification of Bergey et al. but to 
])lace them as varieties of species Ace. aceticum and Ace. rancens 
respectivelj’’ according to the proposed classification of 4'isser’T. 
Hooft. 

THE COMPARATIVE EFFICIENCY IN VINEG.YR PRODUCTION OF 
THE BACTERIA STUDIED 

Since the ultimate economic value of the acetobacter group 
lies in the production of acetic acid it is important to know how 
the various species diffei’ in this respect. X prefiininary experi¬ 
ment was carried out to determine this difference. Sixteen 500- 
cc. portions of fresh cider were sterilized in the autoclave in 1- 
liter Ivrlenmeyer flasks and cooled to a room temperature ivhich 
varied from 21° to 25°C. This temperature was maintained 
throughout the experiment. .Vfter cooling, the flasks were 
inoculated with a pure culture of »S. ellipsoideus and six weeks 
later, when the alcoholic fermentation was completed, iiuadrupli- 
cate flasks were again inoculated with ecjual amounts of a heavy 
suspension of each of the following organisms. .4c€. suboxydans, 
Strains (a) and (b) and Ace. aceticum. 
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Two of each of the quadruplicate flasks were stoppered with 
cotton plugs and allowed to ferment in this condition. The 
remaining duplicate flasks were attached to absorption towers 
containing approximately n/5 KOH solution to collect the 
escaping gases. This system was connected to a suction pump 
by means of which a constant stream of sterile CO 2 free air was 
drawn over the surface of the cider. The purpose of this arrange¬ 
ment was to increase the air supply to the liquid and to ascertain 
the amount of CO 2 resulting from the metabolic processes of the 
vinegar bacteria. Before admitting the air to the flasks it was 
passed first, through a concentrated solution of H 2 SO 4 provided 
with glass beads to break up the air bubbles and to insure steri¬ 
lization ; second, through a tower filled with soda lime to absorb 
the CO 2 ; third, through a concentrated solution of KOH; and 
finally, through a flask partially filled with sterile beef broth to 
saturate the air with moisture and to ascertain its sterihty. This 
procedure proved to be satisfactory as no growth was observ ed 
in the beef broth. 

Titrations of all ciders and KOH solutions were made once a 
month. The ciders were titrated with \/10 KOH using phenol- 
phthalein as indicator, according to the official method for 
vinegar, and the results were calculated in per cent of acetic acid. 
Ten-cubic centimeter samples taken under aseptic conditions were 
used for this purpose. The KOH solutions in the absorption 
towers were subjected to the double titration with n/10 HCl, 
using thymol blue and brom phenol blue as indicators. The 
results were arbitrarily calculated in milUgrams of CO 2 . The 
data recorded in tables 3 and 4 represent the average results 
of the acid and CO 2 determinations of duplicate flasks. 

Under the conditions of this experiment Ace. suhoxydans was 
not as good a vinegar producer from cider as either of Strains 
(a) and (6) or as Ace. aceticum. Both Strains (a) and (6) formed 
more acid and produced it much faster than either of the two 
other species named. The data also seem to indicate that 
increased aeration retarded acid production perceptibly during 
the first two months and that there was a tendency to the con¬ 
trary towards the end of the experiment. However, this observa- 
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lion may be incidental, and no definite explanation can be given 
for it until further work on a more extended scale has been 
accomplished. I'hat it was incidental in the case of Ace. aceticwm 
can readily be ccplained by the fact that in one of the duplicate 
flasks no pellicle was formed until the fourth week after inocula¬ 
tion. This made the results of the first and second determina¬ 
tions extremely low. But leaving aside this discrepancy and 


TAhLE 3 

Per tent of acetic and production in alcoholic fermented cider by various species of 
vinegar bacteria in aerated and cotton stoppered containers 



AKRATfc'D BOTTLJ-H 

COTTON HTOPPKRKB BOTTLES 

ohganimm 

1 

month 

2 

months 

3 

mouths 

4 

months 

1 1 
month 

2 

montiip 

3 

months 

4 

months 

i 

-Irr. suboxydans 

1 53 

1 89 

3 33 

4 16 

3 4S 

3 69 

3 90 

4.53 

Strain ia) . , 

2.24 

5 21 

6 14 

6 73 

4 98 

5 19 

5 31 

5.96 

Strain ib) . 

2.71 

3 90 1 

5 09 

6 06 i 

4 71 

5 09 

5.55 

5.98 

Ace. aceticurn j 

0 24 

1 40 I 

: 5 10 

6 04 

1.44 

4 08 

4 23 

4 77 


TABLE 4 

dascous substances resulting from the metabolic }>roccsses arbitrarily calculated in 

milligrams of COz 


OIICIANISM 1 

FIRHT 

HECOND 

THIRD 

FOVRTH 

TOTAL IN 

MONTH 

MONTH 

1 1 

MONTH 1 

MONTH 

4 MONTHS 

Ace. suboxydans 

444 

167 

431 

409 

1451 

Strain {a) . , 

I 431 

508 

613 

682 

2234 

Strain (b) .. . 

7.56 

438 

581 

463 

2238 

Ace. aceticurn .... 

536 

I 645 

882 

394 

2457 


viewing the results in general from the economic standpoint of 
the vinegar manufacturer it is evident that the two strains of the 
non-pellicle-forming bacteria would be selected in preference to 
the other two, because of the fact that they are capable of form¬ 
ing more acetic acid and of producing it much faster than either 
of the others. 

According to the old belief that the activities of vinegar bac¬ 
teria are confined to the oxidation of alcohols and sugars to acetic 
acid without the liberation of COj it would appear that the data 
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given in table 4 are unsound. However, this belief is no longer 
acceptable, since Sbhngen (1914) observed that in a culture 
medium of yeast extract to which 20 per cent glucose was added 
vinegar bacteria produced not only large quantities of gluconic 
acid and acetic acid, but also alcohol to the amount of 1 per cent. 
Thus the possibility of C’Oa production as a result of the metabolic 
processes of these bacteria was demonstrated, provided the 
proper substratum was used. In this connection \'isser ’T. 
Eooft (1925) stated that as the vinegar bacteria become farther 
removed from the inunediate surface of the substrata they have 
less access to free oxygen and are compelled to provide for their 
oxygen requirements in some other way. This he claims to be 
possible by a series of intramolecular and intemiolecular dehydro¬ 
genation and hydrogenation processes by means of which glu¬ 
cose is broken down to acetaldehyde and C'O* and finally to alcohol 
and acetic acid. Under the conditions of this exjjeriment it 
is hardly conceivable that purely chemical action causing hydroly¬ 
sis of the starch or cellulose materials present in the sediments of 
the cider could result in the fonnation of a suflicient amount of 
glucose to account for all the CO 2 liberated. It might be argued, 
on the other hand, that the yeast cells j^resent in the substrata 
were the cause of ('O 2 i)roduction. Ihis would only be possible 
during the first stages of acetic acid feimentation, for according 
to Le Fevre (1924) 0.5 per cent acetic acid interferes seriously 
with the growth of yeast and 1.0 per cent is almost prohibitive. 
Consequently it would follow from this contention that after 
the first month of acetic acid fermentation the yeast cells ceased 
to be a factor in this experiment at least. This viewpoint is 
all the more convincing because of a similar production of COs 
observed in a previous experiment (1926) which was carried on 
under somewhat different and less controlled conditions for a 
period of one year. Such a constant liberation of small amounts 
of CO 2 over such long periods of time during the acetic acid 
fermentation of ciders suggests that vinegar bacteria are probably 
capable of utilizing considerable quantities of carbonaceous 
matter of a more complex structure than sugars and alcohol. 
This was apparent from the fact that the CO 2 given off must 
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have resulted in a large measure from other sources than the 
oxidation of acetic acid to its end products of CO 2 and water, 
because this liberation of ('O 2 was invariably associated with a 
corresponding increase in acetic acid. It seems that facts like 
these serve as a strong indication that certain important meta¬ 
bolic processes of the vinegar bacteria are as yet unknown and, 
therefore, arc deserving of special attention and careful study. 
If they were thf)roughly understood and properly correlated with 
the known characteristics of the vinegar bacteria they might 
prove to be of marked significance in industrial \ inegar production. 

SUMMARY 

1. Comparative morphological and physiological studies of 
several strains of a non-j)ellicle-forming vinegar bacterium iso¬ 
lated from cider and of Ace. xi;b().rydanfi Kluyver and Deljeeuw 
11924) suggest two new species in addition to Ace. suboxydam 
according to the classification of Bergey cl al. 

2. A critical study was made of the proposed classification of 
\’isser ’T. Hooft who considers the oxidation power of the genus 
Acetobacter a function of the bacterial protoplasm and uses it 
as a basis for systematic classification. Under this classification, 
which seems to be more acceptable than that of Bergey et al., 
the non-pellicle-forming vinegar bacteria isolated from cider 
would not be entered as new species, but Strain (a) would be a 
v ariety of species Ace. aceiicum and Strain (b) a variety of species 
Acc. ranccns. 

3. A preliminary experiment on the efficiency of various species 
of vinegar bacteria including Strains (o) and (&), Ace. suhoxydans 
{ind Ace. acetiaim proved that the two non-pellicle-forming 
strains formed more acetic acid in cider and produced it much 
faster than either of the other two species. 

4. The liberation of small amounts of CO 2 associated with a 
corresponding increase in acetic acid during the acetic acid 
fermentation suggested that vinegar bacteria may be able to 
utilize considerable quantities of carbonaceous matter of a more 
complex structure than sugars and alcohols. 
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THE RELATION OF THE HYDROGEN ION CONCENTRA¬ 
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INTRODUCTION 


^'l^e so-called bactericidal or germicidal property of the white of 
hens' eggs has attracted but little attention in the past ten years. 
Before that time, various investigators from 1890 onward have 
recorded studying this subject, some reporting a positive, others 
a negati\e action. Wurtz (1890) seems to have been the first to 
sugge.st that egg white possessed a germicidal power; others who 
contirined liis results and carried their investigations further were 
Scholl (189;{) Horowitz (1902) Turr6 (1902) Laschtschenko 
(1909) Rcttger and .'Sperry (1912) and Sperry (1913). On the 
other hand, Rarascandole (1893) and others state that egg white 
doe^ not possess such a proper!j', but that bacterial grow'th can 
take place in it. Some investigators found a difference in 
the germicidal action of the egg white depending upon the organ¬ 
ism used, the rate of seeding, treatment of the albumin, etc. 
Hadley ami Caldwell (1916) in their extensive review of the lit¬ 
erature conclude ‘‘in summary, perhaps all that can be said at 
the present time is that certain species of bacteria, when placed 
in albumin mixtures, survive but a short time. ” 


V 


^ This work was presented in June, 1926, by Mr. Randall Whitaker as a thesis 
for the degree of Master of Science. 

This paper is a report on a part of the cooperative investigation on the factors 
influencing the keeping quality of eggs in storage which is being carried out by 
C. K. Powell of the Department of Poultry Husbandry and P. F. Sharp of the 
Department of Dairy Industry. We wish to express our appreciation to the De¬ 
partment of Poultry Husbandry for furnishing us with the eggs used in this in¬ 
vestigation and for aiding us in other ways. 
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Of the theories advanced to explain the bactericidal property 
of egg white, probably the first ones were those which were based 
on the assumption of a high osmotic pressure or lack of food 
materials. Laschtschenko (1909) believed that he disproved 
both of these theories when he showed that the white still pos¬ 
sessed its germicidal action toward Bacillus subtilis when diluted 
with bouillon, water, or physiological salt solution. He advanced 
the theoiy that the bactericidal action was due to the presence 
of an enzyme of a proteolytic nature. As proof of this he found 
that egg white which had been heated to 55° to 60°C. for thirty 
minutes still possessed its germicidal action, while egg white which 
had been heated for the same length of time to 65° to 70°C. 
failed to show such an action. Other investigators have con¬ 
firmed the results of Laschtschenko, and Rettger and Sperrj' 
(1912) have even suggested egg white he-ated to 65° to 70°C. as 
a good culture medium. 

Bainbridge (1911), working with pure egg albumin solutions, 
found that when bacteria were grown in such solutions no mul¬ 
tiplication took place when the seeding was large; small seedings 
did increase slightly, however, and he assumed from this that 
there was present an insufficient amount of non-protein nitrog¬ 
enous material in egg albumin for marked bacterial growth, but 
that the small trace that was present permitted the slight growth 
observed when small seedings were used. By adding a few drops 
of broth or an impure albuminose solution to the pure egg al¬ 
bumin, he found that rapid multiplication resulted, even with the 
large seedings; no pure albumin, however, was broken down 
Rettger and Sperry (1912) were inclined to explain Bainbridge’s 
results on the ground that pure and unchanged proteins may play 
the part of antiseptics or germicides. They report in another 
paper, Sperry and Rettger (1915), that certain obligate aerobes, 
facultative anaerobes, and obligate anaerobes were unable to de¬ 
velop in a medium which contained pure egg albumin as the only 
source of carbon and nitrogen. When a small amount of peptone 
was added to the medium, the oi^anisms developed and decom¬ 
posed the egg albumin. They state, “The egg white even 
appeared to have an antiseptic, and, in a measure, bactericidal 
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action on aerobes. This property was undoubtedly not due to 
the egg albumin, but to other agencies in the egg. ” 

EXPERIMENTAL 

It is unfortunate that most of the investigators who have 
worked on the germicidal property of egg white failed to record 
in their published work the exact age of the eggs when examined. 
Eggs are spoken of as “fresh,” “reasonably fresh,” “newly laid,” 
etc., and in the majority of the contributions no adjective at all 
describes the egg white that was used for testing out the bac¬ 
tericidal property. It has been found by Healy and Peter (1925) 
and, independently, through extensive experiments carried out in 
this laboratory by Dr. Powell and one of us (Sharp), that the 
whites of eggs decrease in hj'drogen ion concentration, under some 
conditions, very rapidly after being laid, approaching as a limit 
a pH of approximately 9.5. This phenomenon is due to diffusion 
of carbon dioxide from the egg white. 

The results obtained in this laboratory show that the change 
in the hydrogen ion concentration of the white of eggs is very 
rapid if the eggs are kept at room temperature freely exposed to 
the air. The change is less rapid at lower temperatures but 
still takes place. The white of the egg may change as much as 
1.0 pH units in twenty-four hours at room temperature and in 
six days the change may be as much as 1.8 pH units. Egg 
white obtained from eggs within an hour or two after they were 
laid and thoroughly beaten to mix the thin and thick white was 
found in our experiments to have a pH of about 8.2. The actual 
pH of the white of fresh hens’ eggs is much lower than 8.2, prob¬ 
ably about pH 7.6, but special precautions must be taken in de¬ 
termining the hydrogen ion concentration of the white in order 
to obtain the lower values. Eggs after aging for one week in a 
well ventilated place at room temperature will usually have a 
white with a pH of about 9.4. This is a considerable change in 
hydrogen ion concentration and should be great enough to affect 
the growth of bacteria. In table 1 will be found the limiting 
maximmn pH for the growth of a few organisms as reported in 
the literature. McClendon and Medes (1925) give a list of 24 
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different bacteria and the range of hydrogen ion concentration 
through which they will grow. The values for the, limiting 
maximum pll for growth range from pH 7.0 to 10.0 with an 
average of 8.1. 

Eggs which have been kept at room tem])eralure for two days 
in air have whites with a pH a little above 9.0. A glance at 
table 1 will indicate that most of the bacteria would be killed if 
placed in the white of such a two-day-old egg, while they would 
grow in the white of an egg one hour old. it should be remem¬ 
bered, however, that the limiting hydroxyl ion concentration for 
the growth of bacteria l aries with the other components of the 
medium. 


TAW,i; 1 

The limiting maximum pH for the groirth of variouK organi^ims rejxoied 

171 the literature 


OIIOANISM 

1 lfYl>HOX\I( 
ION 

1 rONCEN- 
rilATION 

ou.m Ut F,K 


vfl 


Bacillus stthiilis . 

{) 4 

Jtano (1916) 

Diplococcus pneunioniae 

<s 0 

Avery and (Aillen (1919) 

Bacterium iyphosum 

8 0 

Schoenholz and Myer (1! 

Bacteri um ae rogencs 

8 4 

('ohen and ('lark (1919) 

Bactcriuyn dysentcriae 

8 5 

Cohen and Clark (1919) 

Bacteri um alhaligines 

9 7 

(\>heii and Clark (1919) 

Proteus vulgaris 

s s 

Cohen and Clark (1919) 

Lactobacillus hulgaricus 

8 0 

Cohen and Clark (1919) 

Corynebacterium diphlheriac 

8 2 

Bunker (1917) 


It may be safely stated that the eggs used by’^ most jirevious 
workers had reached a pH of 8.8 to 9.0, as an egg a day or so 
old is considered “fresh ” by the average person. In many cases 
they' may have been several days’ old; for example, Hadley and 
Caldwell (1910) in their investigation of the bacterial content of 
fresh eggs say that “During one y'ear of the w’ork, the eggs were 
never more than eight days old at the time of the examination.’’ 
Such eight-day-old eggs would probably have a -white wdth a pH 
of approximately 9.4, which is above the maximum pH range for 
most bacterial growth as indicated by the literature. 
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In the light of this knowledge of the change in the hydrogen 
ion concentration of egg white with age and in view of the really 
high pH value which may be reached, it is possible to explain 
much of the apparently conflicting evidence of previous inves¬ 
tigators on the assumption that they were studying egg whites 
of different pH values. It is possible that those iniestigators 
who reported that egg white had no germicidal properties used 
as their experimental material relatively fresh egg white tpH 7.6 
to 8.4), while those investigators who reported a germicidal action 
used more alkaline egg white (pH 9.2 to 9.5). 

From Parascandole’s (1893) description of his experiments in 
which he found that 9 different organisms grew in egg white, we 
are led to suspect that, he used egg white of low pH value. He 
took fresldy laid eggs, washed them with alcohol, inmiersed them 
in mercuric chloride solution for 10 minutes, and covered them 
with paraffine until he was ready to remove the egg white. Ex¬ 
periments in this laboratory have shown that if eggs, the white 
of which has a low pll, are coated with paraffine the increase 
in pH on aging in air is inhibited. From the account of this 
investigator’s procedure it seems highly prol>abIe that he ac¬ 
tually did work with egg white of a low pH value approximating 
that of the egg as laid, and this accounts for his obtaining growth 
of bacteria in egg white. 

IMaurer (1911) also probably investigated the germicidal 
action of egg white toward Bacterium coll before the pH of the 
egg white had incre.ased aitjireciably for he o! itained growth. We 
hav^e found that this oiganism is able to grow in egg white with 
a pH corresponding to that of the fresh egg white, but is killed 
at pH values corresponding to that of egg white from eggs which 
hav'e been aged in air for a few days. 

Rettger and iSperry (1912) used eggs which were “reasonably 
fresh” in studying the germicidal action of the egg white, and 
it is therefore, highly probable that the egg white had attained 
a high pH value. That this w^as the case is also indicated in our 
experimental work, for we investigated two of the organisms- 
Bacillus cereus and Bacillus megatherium, which Rettger and 
Sperry found were sensitive to the germicidal action of egg white. 
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We found these organisms sensitive to the germicidal action of 
alkaline egg wliite corresponding to the pH of aged eggs while 
these same organisms exhibited growth in egg white having a pH 
approaching that of eggs one hour old. Turr6 (1902) made the 
(to him) surprising observation that the white of the fresh egg 
had a weaker germicidal power than the white of aged eggs. This 
observation is exactly in agreement with the postulate which led 
us to start this investigation. 

When we call our experimental material fresh egg white, we 
mean egg white obtained from eggs which had been laid less than 
two hours. The actual pH of this material varies somewhat, de¬ 
pending on its age and treatment. 

The literature also shows conclusively that different bacteria 
may vary in their sensitiveness to the germicidal action of egg 
white. 

Sherman and Curran (1924) have shown the desirability of 
using yoimg cultures of organisms in the period of rapid growth 
when determining gemicidal properties, in order to remove any 
influence of the ‘ ‘ lag period. ’ ’ Therefore, in this work three-hour- 
old cultures were used unless otherwise stated. 

In order to determine the effect of the hydrogen ion concen¬ 
tration on the rate of growth of bacteria in egg white, a series 
of test tubes was arranged containing equal volumes of fresh, 
well mixed egg white, ranging in pH from 5.0 to 10.0 The pH 
was adjusted by adding varying amounts of normal hydrochloric 
acid and sodium hydroxide. The tubes were all made up to the 
same volume with sterile distilled water. All hydrogen ion con¬ 
centration determinations reported in this paper were made at 
25°C. using the hydrogen electrode. In no case did the dilution 
due to acid or alkali exceed ten per cent of the volume of the 
egg white used. One cubic centimeter of a culture of Pseudo¬ 
monas pyocyaneus (an organism which seems adapted to egg 
white, having been isolated from an infected egg white in this 
laboratory, and having been reported as present in eggs by sev¬ 
eral workers) was added to the tubes, mixed well, and incubated 
for six hours at 37°C. The check on the original seeding and the 
count after the six-hour period were made by the plate method. 



HYDROGEN ION CONCENTRATION OF EGG WHITE 


23 


In all cases the original count was determined by adding the same 
volume of the inoculating culture to a water blank and plating 
at once. This procedure was necessary because some organisms 
were killed so rapidly by the egg white that a substantial de¬ 
crease in numbers took place before the organisms could be dis¬ 
tributed in the egg white and a plate poured. The results are 
shown in tabular form in table 2 and grapliically in figure 1. 

From this table we see that egg white of pH 9.4 showed a 
marked decrease, while egg white of pH 8.7 showed a substantial 

TABLU 2 

The growth of Pseudomonaa pyocyaneus in egg xvhile of various hydroxyl ion eon- 
central ions. Incubation^ after inoculation^ at for six hourSy with 

an initial count of lyJ^WyOOO bacteria per cubic centimeter 


KYimOOEN ION 

rON( ENTR ATION 

COUNT AFTER 6 HOtTlS f BACTERIA 

At start j 

Aftor 6 hours 

RER CFHK CENTIMETER) 

pli 

4 04 

pti 

4 97 

32,000,000 

5 53 

5 68 

49,000,000 

G 09 

6 46 

28,000,000 

6 42 

7 02 

22,000,000 

6 66 

7 30 

24,000,000 

7 05 

7 61 

21,000.000 

7 39 

7 91 i 

14,000,000 

7 99 

8 32 

11,000,000 

8 74 

8 76 

12,000,000 

9 37 

9 33 

409,000 

9 45 

9 37 

119,000 

9 77 

9 76 

0 

10 11 

9 99 

0 

10 31 

10 19 

0 

10 62 

10 52 

0 


I 


increase in numbers of bacteria over the original seeding. At a 
pH of 9.7 there is a decided germicidal effect, all the organisms 
being killed. This experiment w'as repeated with cultures of 
Bacillus subtilis, Pseudomonas fluorescens, Serratia marcescens, 
Proteus vulgaris, and Bacterium coli in the same manner and 
incubation continued for six hours, the initial count per cc. and 
the count after incubation being determined by the plate method. 
The results are given in table 3. 
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10,000,000 


1,000.000 



Fig. 1. The Relation of the Hydrogen Ion Concentration of Ego White 
TO Its Germicidal Action to Pseudomonas pyocyaneus 
Plate counts were made after incubating the inoculated egg white at 37®C. 
for six hours. 
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As Bacillus subtUis in table 3 was the only spore producer, and 
as it apparently was killed very rapidly, other spore producing 

TABLE 3 

Egg ipliite adjusted to various hydrogen ion concentrations and inoculated with 
Bacillus suhlilisj Pseudomonas fiuoresccnsj Serratia marcescens^ Proteus vulgaris 
and Bacterium colij incubated for six hours at 37°C. and the number of bacteria 
per cubic centimeter determined by the plate method before and after incubation 


HYDnOOEN ION 
CONCENTRATION 

MACTLLT7B 
8UI1TIU8 
PER CCTHir 
CENTIMETER 

PBBUDOMONAS 
FLOORBHCENB 
PER CUBIC 
CENTIMETER 

SERRATIA 
MARCEtiCENS 
PER CUBIC 
CENTIMETER 

PROTEUS 
VULGARIS 
PER CUBIC 
CENTIMETER 

BACTERIUM 

COLI 

PER CUBIC 
CENTIMETER 

pll 

5 34 

<1,000 

c 

c 

c 


6 75 

<1,000 

c 

c 

c 

c 

8 2S 

<100 

0 

c 

c 

c 

9 47 

<100 

13,000 

<100 

<100 

19,000 

10 65 

<10 

<10 

<10 

<10 

<10 

Original count 

1,210,000 

23,200,000 

10,200,000 

8,100,000 

8,400,000 


C = countless; <= less than. 


TABLE 4 

Egg white adjusted to uarious hydiogen ion concentrations and inoculated ivith the 
follouing spore-producing organisms^ incubated for six houis at S7°C. and the 
number of bacteria per cubic centimeter determined by the plate method before 
and offer incubation 


RYDROliEN ION 

CO NC E NT R A TIO N 

BVCILH » MKO\THERirM 
PER n HU 

CENTIMETER 

B VCIT.H H CERLCS 

1 PER Ct liU 

! CENTIMETEIt 

! BvriLLUft MYCOIDm 

j PER Cl BK 

( CENTIMETER 

pit 



i 

0 70 


20,200.000 

1 230,000 

7 73 

10,000 

5,900,000 

330,000 

8 52 

11,700 j 

69,000 

<100 

9 57 

670 

25,000 

<10 

9 88 

<10 

<10 

<10 

Original count 

5,000* 

1,300,000 

43,000 


< — less than. 

* Approximated. 


organisms were subjected to the same treatment. The data are 
given in table 4. 

Tables 2, 3 and 4 all indicate the validity of our original as- 
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sumption, that the pH of the natural egg white may be an im¬ 
portant factor in determining whether or not it will permit 
bacterial growth. It will be noted that the egg white with a pH 
of approximately 9.5 was germicidal to all of the organisms which 
we investigated. Tables 3 and 4 indicate thjit egg white at the 
higher pH values is slightly more germicidal to the spore forming 
than to the non-spore forming organisms. Bacillus subtUis was 
the only organism studied which was killed at all pH values. 

Pseudomonas pyocyaneus is a suitable organism for use in de¬ 
termining the effect of pH on the germicidal properties of egg 
white, having the following advantages: (1) it forms round and 
distinct colonies which are easy to count, (2) it does not produce 
“spreaders,” (3) it has an average hydroxyl ion concentration 
death point well within the pH range which may be attained by 
natural egg white, and (4) it has been shown to be present in egg 
white by many investigators, evidently growing where the pH 
is suitable. It was chosen, therefore, to study the relationship 
of the age of the eggs and the alkalinity of the egg white to the 
rate of bacterial growi;h. Eggs were placed in storage and at 
various intervals some were withdrawn and their germicidal 
property tested by the same method as that used in table 2, ex¬ 
cept that no adjustment of the pH was made. 

The eggs were brought to the laboratory and divided into three 
lots. The first lot was stored in air; the second lot was given the 
“oil-dipped” treatment, which is practiced commercially at the 
present time. This “oil-dipped” treatment consisted in dipping 
the eggs for a specified length of time in a hot oil, especially pre¬ 
pared for the purpose of preserving eggs by a commercial concern. 
The third lot of eggs was stored in water glass, made up in the 
ratio of one part of water glass to twelve parts of water. The 
eggs were laid the same day and were in storage within two 
hours’ time. The storage temperature was 30°C. Four eggs 
from each lot were withdrawn from time to time, the whites 
removed as aseptically as possible, and separately inoculated with 
a culture of Pseudomonas pyocyaneus, incubated at 37°C. for six 
hours and then plated. In table 5 will be found the results of 
this experiment. The pH values given are for the egg white of 



The changes in hydrogen ion concentration and germicidal power of the white of storage eggs^ stored for variom 

lenoihs of time at 30"^C. 

The eggs were divided into three lots, each lot being subjected to a different storage treatment, as (1) storage in air, 
(2) previously oil-dipped and then stored in air, (3) storage in water glass solution. On being removed from storage the eggs 
were opened and the whites separately inoculated at a known rate with Pseudomonas pyocyaneus^ incubated for 6 hours and 
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each egg as it came from storage, not after the six-hour incuba¬ 
tion period. 

A glance at table 5 shows that the whites from the eggs stored 
in air rapidly became more alkaUne, so that at the end of one 
week the pH had risen to 9.4. Closely related to this is the 
steadily increasing germicidal effect on the organism, the first day 
even showing slight evidence of inhibited growth, and a decided 
germicidal effect later. From table 5 it can be seen that after 
the high alkalinity has developed a slight decrease in the pH is 
noted in the eggs stored for the longer lengths of time. Tice 
(1911) followed the fall of the alkalinity of egg white during 
storage, bj’^ titration with twentieth normal sulphuric acid, and 
found that after seven months in storage there was a gradual de¬ 
crease, approaching “a common locus” with the yolk, the aciditj' 
of which steadily decreased during storage at 32°r. At this point 
it is interesting to note that Sperry (1913) says in writing about 
the germicidal properties of eggs, “The whites of eggs which are 
11 months old or more showed a tendency to lose these proper¬ 
ties.” This is completely in accord with the theory that the 
variation in the so-called germicidal action is really due to the 
hydroxyl ion concentration of the natural egg white. 

Table 5 also shows that eggs stored in water glass and those 
which were oil-dipped did not show such a rapid rise in pH. The 
bacteria were shown to grow in the eggs from both of these treat¬ 
ments indicating the absence of the bactericidal property. 

It was next deemed advisable to determine if “aged” egg white 
of naturally high pH, to which acid had been added to bring the 
pH down to that of fresh egg white, would support growth the 
same as the fresh egg white. This was done in the following man¬ 
ner: whites from eight eggs were taken, numbers 1, 2, 3, and 4 
having a pH of 8.4 to 8.5, and numbers 5, 6, 7, and 8 from eggs 
which had been stored for five days at 30°C. The hydroxyl ion 
concentration of the whites from the last three eggs was de¬ 
creased by adding varying amounts of normal hydrochloric acid 
until the pH approximated that foimd in the first four eggs. Egg 
white number 5 had no acid added to it. Each egg white was 
inoculated with a culture of Pseudomonas pyocyaneus, the rate of 
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seeding being 3,380,000 per cubic centimeter then incubated for 
six hours at 37°C. and the count per cubic centimeter again deter¬ 
mined. 

The results ol this experiment show again the influence of the 
variation in the hydroxyl ion concentration on the so-called ger¬ 
micidal action. Egg whites nos. 1 to 4 with pH values between 
8.42 and 8.57 showed 3 to C million bacteria per cubic centimeter 
after incubation as did egg whites nos. G to 8 (with pH value 
readjusted to 8.16 to 8.27. Egg white number 5, to which no 

TABLE B 

(iroirth of of tn^ ('ti ijolk fo which alkali hiul hu'n (i<hu‘d li» ijia a />// 

as j it and in aged egg white 

AftfT inoriilaf inn tho volks wf-rc inculiatod at 37°C. for six hours The bacteria 
count |)(‘i f ubic centirnt tcr \\as (h'teririincd by the plate method before and after 
lucubat ion 
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<100 

<100 

10 :v2 

<.10 

l,400t ! 

! <10 

<10 

<10 
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1,2S0.000 

491,000 j 

“ "‘1 

1 2,820,000 j 

1,410,000 

157,000 


* Original plT 

*5 It was behevt'd this was due to contamination. 
C — ((-uniless; < - b‘sstban 


acid had been added (pH 9.34), showed a marked decrease in the 
number of bacteria (460,000). 

Experiments were carried out to see whether or not egg yolks 
and mixtures of whites and yolks could be made to exhibit bac¬ 
tericidal properties by the simple adjustment of the hydrogen ion 
concentration to pH 9.5 or 9.6; i.e., the pH found m the whites 
of aged eggs. In the first experiment various amounts of alkali 
were added to the yolks of fresli eggs in order to give such a pH. 
Into these adjusted mixtures were placed 1-cc. portions of cul- 
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tiires of the following organisms; Pseudomonas pyocyaneus, Ba¬ 
cillus subtilis, Bacterium coli, Serratia marcescens, and BadUus 
megartherium, the count before and after six hours of incuba¬ 
tion at 37°C. being made by the plate method. The results 
are given in table 6. 

This experiment was repeated using the yolk and white mixed 
together in the same proportions as found in eggs. The results 
are shown in table 7. 


TABLE? 

Growth of various organisms in a mixture of egg while and yolk, in the proportion 
found in eggs, to which alkali had been added to give a pH 
such as found in aged egg white 

After inoculation the mixtures were incubated at 37°C. for six hours. The 
bacteria count per cubic centimeter was determined by the plate method before 
and after incubation. 


KTDROXYL ION 
CONCENTRATION 

PBSUOOMONAS 1 
PYOCYANEUS 
PER CUBIC 
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BACILLUS 
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pH 

7 15* 

C 

<1,000 

c 

c 


9 11 

1,260,000 

<1,000 

2,000 

c 


9 29 

290,000 

<1,000 

5,500 

6,100 


9.56 

14,000 

<100 

600 

<100 

<100 

10 59 

130 

<10 

<10 

<10 


Original count 

10,120,000 

799,000 

9,080,000 

1 --— 

1 8,080,000 

131,000 


* Original pH. 

C = countless; < « less than. 


The data in table 6 and 7 confirm the experiment of table 2, 
which indicates that the germicidal action of the egg white from 
normal aged eggs is due in part to the high hydroxyl ion concen¬ 
tration. The yolk, which previous investigators have indicated 
possessed no germicidal property, was shown to possess such a 
property when brought to the same hydroxyl ion concentration 
as is found in the aged egg white. This indicates that the ger¬ 
micidal property of normal egg white which has frequently been 
found by others can be largely explained on the basis that the 
limiting factor is the concentration of the hydroxyl ions. 
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Laschtschenko (1909) brought out some interesting facts in 
regard to the germicidal action of egg white. He found that egg 
white diluted 1:1 with water, physiological salt solution, or bouil¬ 
lon, did not loje its germicidal action to BadUus subtUis. He 
found that dilutions of 1 part of egg white to 10 parts of water 
or physiological salt solution were germicidal to this organism. 


TABLE 8 

The effect on the hydrogen ion concentration of various dilutions of fresh and aged 
egg white, with water, physiological salt solution and bouillon 


DILUTION 

HYDROGEN ION 

CONCENTRATION 

Parts egg white 

Parts w'ater 

Fresh egg white 

Aged egg white 



pH 

pH 

1 

0 

7.82 

9 46 

1 

1 

7 98 

9 48 

] 

5 

7 91 

9 69 

1 

10 

7 82 

9 72 

Parts egg white 

Parts salt solution 



1 

0 

7 82 

9.46 

1 

1 

8 04 

9 33 

1 

5 

8 05 

9 37 

1 

10 

7 96 

9 34 

Parts egg white 

Parts bouillon 



1 

0 

7 82 

9 46 

1 

1 

7.87 

8 17 

1 

5 

7.48 

7.28 

1 

10 

7 36 

7 00 

0 

1 

6.84 

6 84 


while he obtained growth in one experiment and not in the other 
when he diluted 1:2 with bouillon. 

The question of what effect dilution has upon the pH of egg 
white was next studied, and the results obtained are found in 
table 8. 

Dilutions were made with fresh egg white having a pH of 7.82 
and of egg white having a pH of 9.46, the latter obtained from 
eggs which had aged in air for some time. Dilutmg egg white 
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of pH 7.82 with water apparently caused a slight decrease in the 
hydrogen ion concentration, for dilutions up to 1 part of egg 
wliite to 10 parts of distilled water; on the other hand diluting 
egg white with an original pH of 9.46 with water, gave solutions 
which were distinctl 5 ^ more alkahne than the original egg white 
before dilution. Upon dilution of the egg white of pH 7.82 with 
physiological salt solution, there was a slight increase in the pH 
and then a decrease at the higher dilutions. Diluting the more 
alkaline egg white with physiological salt solution apparently 
caused a very slight decrease in the pH. Diluting with bouillon 
caused both samples of egg white to decrease in pH, the more 

TABLE » 

Effect of heating egg white with a pll of 9M to 68°C.for thirty jninittes 071 gcrwi- 

cidal properties 
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71,000 ! 

Countless 

Pseudomonas pyocyaneus 

2,670,000 

808,000 1 
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< = less than. 


alkaline egg w'hite decreasing the more, and at a dilution of 1 part 
of egg white to 10 parts of bouillon, this sample of alkaline egg 
wliite actually had become the more acid. Laschtschenko (1909) 
found that egg white diluted with water was still germicidal. Our 
results show that dilution of alkaline egg white of pH 9.46 with 
water actually produces solutions which are more alkaline than 
the original egg white. The dilution of egg white with water up 
to 1 part of egg white and 10 parts of water does not produce a 
medium more suitable for bacterial growth, than the undiluted 
egg wliite, in so far as the hydrogen ion concentration is concerned. 
Laschtschenko (1909) did report a germicidal action toward 
Bacillus Zopfvi and Proteus Zenkeri in egg white diluted to fifty 
I'oluines with nutrient bouillon, but he noted that these two or- 
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ganisms were more sensitive to the germicidal action of egg white 
than was Bacillus subtilis. In this case the germicidal action can¬ 
not be explained on the basis of the hydroxyl ion concentration. 

Laschtschoi ko, as was mentioned before, believed that an 
enzyme of a proteolytic nature was responsible for the germicidal 
action. He jjroved this by heating the egg white to a tempera¬ 
ture of 65° to 70°C. for thirty minutes and finding the action 
destroyed. That heating under these conditions destroj'ed the 
germicidal effect was fomul to be correct by Horowdtz (1902) and 
Kettger and Sperry (1912), and was also confirmed by our ex¬ 
periments. J'lgg white from eggs which had been stored at 30°C. 
for five days to allow the pH to rise, was beaten together and the 
jiH found to be 9.410. Half of the egg white was heated to 68°C. 
for thirty minutes and rapidly cooled. The pH was again de¬ 
termined and found to be 9.406. The unheated and heated egg 
white was then seeded with cultures of Bacillus subtilis, Bac¬ 
terium coli, Sciratia marceseem, and Pseudomonas pyocyanetis. 
C'ounts wei-e made in each case before and after incubating for 
six hours at 37°C. The results of this experiment are found in 
table 9. 

Since heating destroyed the germicidal action, yet did not affect 
the pH, it was thought that the surface tension might be respon¬ 
sible for the difference in behavior. A microscopic slide was sus¬ 
pended from the beam of a chainomatic analytical balance so 
that the end just touched the suilace of the liquid m a silica dish 
supjiorted over the jian on a bridge, and the weight necessary to 
imll the slide from the surface was determined. Distilled water 
was used as a calibrating liquid, its surface tension being taken 
as 71.78 dynes. The surface tension determinations were made 
at 25°C. The value found for the surface tension of unheated 
egg wliite was 52.t) dynes and that for heated egg white 52.2 dynes. 
The value w’hich we found for the surface tension of egg white 
is in good agreement with the value (52.69) reported by Quincke 
(1877). Apparently the loss of the germicidal action of egg white 
caused by heat is not due to a change in surface tension. As heat¬ 
ing also precipitates the protein, it was thought that the disap¬ 
pearance of the germicidal action might possibly be due to this 
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precipitation rather than to the destruction of a proteolytic en¬ 
zyme. To test this hypothesis it was necessary to produce pre¬ 
cipitation by a method which would not destroy an enzyme. 
Precipitation by ethyl alcohol meets these requirements. 

An equal voliune of 95 per cent ethyl alcohol was added to 
fresh egg white and the alcohol removed by evaporation under 
reduced pressure. The temperature was never raised above 40®C. 
during the evaporation. The dried egg white was then mixed 
with water so as to produce a volume of 20 cc. containing about 
the same total solids as fresh egg white. No bacteria were found 
on plating the reconstituted egg white. This reconstituted egg 
white was then inoculated with BacUlv^ subtilis, and plates were 
poured every two minutes using a loopful to each plate. The 
plates showed no dimunition in the numbers of bacteria, and a 
plate made eighteen hours later was extremely thick, showing 
abundant growth had taken place. The reconstituted egg white 
had a pH of 9.65. 

This experiment indicated that the germicidal action is not due 
to a proteolytic enzyme. Together ’nuth the experiments on 
heated egg white, it shows however, that hydroxyl ion concen¬ 
tration is not the sole factor which prevents the growth of bac¬ 
teria. 

Scholl (1893) treated egg white with potassium hydroxide and 
then dialized the solution against 0.75 per cent sodium chloride 
for twenty-four hour, and tested for the removal of free alkali 
with indigo calcium disulphonate. He found this solution to be 
germicidal to Bacterium typhosum, and that heating this solution 
did not destroy the action. He offered as explanation for this, 
his belief that egg white contained certain atomic groups which 
possessed a germicidal power. He postulated that heating pro¬ 
duced a rearrangement after which the germicidal groups no 
longer functioned. If the egg white was then treated with alkali 
(potassium hydroxide) the germicidal groups were supposed to be 
regenerated and were not again changed by heating. Indigo 
disulphonic acid changes color at a pH of about 12, so that all 
of the solutions with which Scholl worked may have had a high 
pH (even thou^ they were acid to that indicator) and would in 
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this case have been germicidal, due to their high hydroxyl ion 
concentration. Heating, naturally, would not have caused a loss 
of the action in this case. These experiments cannot therefore 
be taken as showing that treatment of heated egg white with 
alkali and then removing the alkali, produces a germicidal effect 
in the egg white. 

It was found that by dissolving coagulated egg white, formed 
by heating to 68°C. for thirty minutes, in sodium hydroxide, and 
then neutralizing with hydrochloric acid until a pH of between 
7 and 8 was obtained, the solution possessed no germicidal action, 
for Bacillus subtilis was able to grow. Thus the germicidal ac¬ 
tion which Scholl found was probably due to the high hydroxyl 
ion concentration of his solutions, and not to the rearrangement 
which he postulated. 

It appears from these experiments that there must be some 
toxic substance present in egg white which is bactericidal (in 
presence of alkali) and which is either destroyed or rendered in¬ 
active by coagulating the albumin by heat or by alcohol. It was 
thought that perhaps the surface presented by the coagulated 
albumin might adsorb the toxic substance, and thus allow the bac¬ 
teria to grow, and that if such were the case, the addition of a 
strong absorbtive agent, like activated charcoal, might also ad¬ 
sorb the toxic substance and allow growth. Experiments of this 
nature were performed, but the germicidal action was not im¬ 
paired. 

Laschtschenko (1909), and Rettger and Sperry (1912) have 
shown that Bacillus subtilis seems very susceptible to the bac¬ 
tericidal action of egg white. It will be seen from tables 3 and 7 
that in no case did Bacillus subtilis grow in egg white, even when 
the pH was favorable for the growth of other organisms. Rettger 
and Sperry found that this organism was frequently killed by 
the egg white before the first plates could be poured. Since it 
appears that Bacillus subtilis is unique among those which we 
studied in its susceptibility, some experiments were imdertaken 
to study this organism and the action of egg white on it. 

To determine the rate at which Bacillus subtilis was killed, a 
quantitative attempt was made to plate every two minutes, but 
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owing to the amount of work which had to be done in the two 
minute inten-al it was found to be impossible. A plate poured 
at the end of six minutes showed that there were no living or¬ 
ganisms present, although a seeding of 160,000 per cubic centi¬ 
meter was made. A ci-uder qualitative method was then tried, 
with good results. 

The whites from eggs were beaten together and to 20 cc. was 
added 1 cc. of a Bacillus subtilis culture. At two minute intervals 
a loopful (regular laboratory inoculating loop) was removed and 
a plate jioured from it. By doing the experiment twice, iirst 


TABLE 10 

The inflnence of the age of the Bacillus subtilis culture on the germicidal action of 
egg white having a pH of 8.38 and 9.24 
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S = sterile plate; C = eoloni(*s; Sp — spreader. 


using even numbers of minutes and then odd numbers, a plate 
was poured every minute. The pll of the egg white was 8.20. 

One hundred and forty-one colonies appeared after one minute, 
89 colonies after two minutes, 17 after three minutes and 6 after 
four minutes. The plating was continued for one hour, but all 
of the plates were found to be sterile after exposure to the egg 
white for five minutes. 

Laschtschenko (1909) states that Bacillus s^iblilis was killed as 
readily in the spore stage as in the vegetative state. His exper¬ 
iment was repeated by us, and it appeared that the spores were 
more resistant than the vegetative cells; therefore, a more careful 
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and syslematic experiment was undertaken. Cultures of Bacil¬ 
lus subtilis of various ages were grown, and using egg white with 
a pH of 8.38 and 9.24 the same procedure was followed as that 
described above. The results of this experiment are presented in 
table 10. 

It would appear then that between eight and eighteen hours 
the organisms became more resistant, and at twenty-six hours had 
developed so much resistance that the fifteen minutes exposure 
to the egg wliite showed almost as many colonies as the two min¬ 
ute interw'il. A stained microscopic preparation of eac*h culture 
showed tlie live- and eight-hour cultures to be all vegetative cells. 
.\bout 25 per cent of the eighteen hour culture was in the spore 
stage, while 80 per cent or more of the twenty-six-hoiir-old cul¬ 
ture was spores. From this it would appear that in the case of 
Jladlliis suhlilis the vegetative cells are subject to the bactericidal 
a.ctiou of the egg white, but that the spores are not so readily 
destroyed, wliile the pll and age of the egg are not limiting 
factors. 

As there was some c|uestion as to the effect of the dilution of 
egg wliite on the geimicidal action on Bacillus subtilis, egg white 
was diluted with varviiig amounts of water and with bouillon, up 
to dilutions of 1 :10, and its germicidal effect on this organism 
determined. The germicidal action was found to persist through¬ 
out all the dilutions studied. 

Jsome investigators have shown that the rate of seeding is a fac¬ 
tor which must be considered. To show the effect of the rate of 
seeding of Bacillus subtilis on the germicidal action, 20 cc. of fresh 
egg white was placed in each of live sterile test tubes, various 
amounts of a culttire of Bacillus subtilis were added (from 1 to 
25 cc.) and the ustial (jualitative method of testing the germicidal 
action after ten minutes was follow'ed. No growth occurred on 
any plates although control cultures made in sterile w'ater at the 
same time showed upon platmg a vast number of colonies. 

This shows very strikingly the germicidal action of natural egg 
white toward Bacillus subtilis for after inoculating 20 cc. of egg 
white of pH 8.2 with 25 cc. of a culture of Bacillus subtilis con¬ 
taining about 10,000,000 per cubic centimeter, all organisms were 
killed in less than ten minutes. 
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In another attempt to study the toxic substance which gives 
to egg wMte its bactericidal action toward Bacillus subtUis, the 
whites of fresh eggs were mixed together and 20 cc. portions were 
placed in collodion bags, the tops of which were securely closed, 
and the bags immersed in 20 cc. of sterile distilled water. These 

TABLE n 

Fresh egg white was dialyzed in coliodian bags for various lengths of time at a 
temperature of 1 to 5®C. The dialyzed white and the dialyzate were then tested 
for germicidal action toward Bacillus suhtilisj exposing the organism to it for ten 
minutes and then plating out a loopful. A part of the dialyzate was heated to 
68®C. for 30 minutes and also tested in the same manner. The pH of the egg white 
used was 7.87. 
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4-4- 

7 89 

4-4“ 4- 

48 

12 

7.90 

— 

7.64 

4-4- 

7 69 

“h-f-'f- 


— ~ no colonies; -f = small number of colonies; -f + = medium number of 
colonies; +4--f = large number of colonies. 


were kept for varying lengths of time in a cold room having a 
temperature between 1° to 5°C. At the end of the various tune 
periods, duplicate bags were removed and the contents placed 
in sterile dry test tubes. The diffusate from each bag was 
divided into two parts. One part was heated to 68° to 70°C. 
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for thirty mmutes, the other left unheated. All six tubes were 
then inoculated with a three hour old culture of Bacilliis subtilis 
and a loopful plated out at the end of ten minutes. The hy¬ 
drogen ion concentration was also determined at the same time. 
The results are given in table 11, from which we see that in 
every case the egg white in the collodion bag retained its germ¬ 
icidal action. In the diffusate no germicidal action was detected in 
the one hour tubes, the rate of diffusion probably being so slow that 
it was not until the third hour that enough of the toxic substance 
came through to kill the cells of Bacillus sublilis. After six hours 
of dialysis, growth was again found to take place in the diffusate. 
It will also be seen that just as egg white itself, when heated to 
68° to 70°C. for thirty minutes, was found to lose its germcidal 
action, so the diffusate when heated produced in every case no 
diminution in numbers of bacteria. These results were confirmed 
by repeating the experiment. 

In another experiment some fresh egg white was dialyzed for 
four hours, this length of time producing a diffusate exhibiting 
the most marked germicidal action. The bags containing the 
egg white were then removed, and the diffusate was kept at room 
temperature and its bactericidal action tested at various lengths 
of time. The diffusate showed germicidal action at the end of 
two and six hours but at the end of twelve hours slight growth 
took place and at the end of twenty-four and forty-eight hours 
distmct growth occurred. These results show that the toxic 
material which has been separated from egg white by dialysis 
slowly disappears when the diffusate is kept at room temperature. 

Egg white was frozen solid for several days, thawed, and the 
germicidal action for Bacillus subtilis found to be unimpared. 
Eggs which had been frozen or which had been submerged un¬ 
der water for over two weeks were also found to exhibit the 
same bactericidal property for this organism. The pH of the 
white from the frozen and submerged eggs was relatively low and 
about the same as the egg white of the eggs before giving them 
these treatments. 
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The organisms used in this work were obtained from the fol¬ 
lowing sources: 

Bacieriiim coli, stock culture of the laboratory of bacteriology. 

Bacillus subtilis, originally obtained from H. J. Conn, Geneva, N. Y. 

Scrnitia marcescens, originally obtained from R. S. Breed, Geneva, 
N. Y. 

Bacillus megatherium and Bacillus mycoides, laboratory cultures 
originally obtained from W. W. Ford, Baltimore, Md. 

Bacillus cereus, Pseudomonas fluorescens, and Proteus vulgaris, 
stock culture of the laboratory, originally obtained from the 
American Type Culture Collection. 

Pseudomonas pyocyaneus, isolated in this laboratory from infected 
egg white by R. BTiitaker. 

DISCUSSION 

Heretofore, the explanation offered to account for the compar¬ 
ative freedom of the normal egg white from bacterial invasion, 
has been that it possesses germicidal properties, ^^'e have showm 
that this action may be due in part to the hydroxyl ion con¬ 
centration of the egg white, which rapidly increases from the time 
the egg is laid until under some conditions a pH of 9.5 may be 
reached, wliich does not permit the growth of most bacteria as 
reported in the literature. Our experiments were designed to 
show the effect of the hydrogen ion concentration of the egg white 
on bacterial growth, and do not indicate whether or not bac¬ 
teria inoculated into egg white of suitable pH multiply as rapidly 
as they do in broth, bouillon, sugar solutions, etc. In our ex¬ 
periments we have not shown that egg white, at a hydrogen ion 
concentration at which growth occurred in our standard incu¬ 
bation period of 6 hours, shows no transient germicidal action for 
shorter periods such as has been demonstrated so clearly for 
freshly drawn milk by Sherman and Curran (1924). On the 
other hand, the fact that the bacteria in some instances were not 
all killed but decreased in numbers during this six hour incu¬ 
bation period does not preclude the possibility that if the incu¬ 
bation were allowed to go for longer periods of time some of the 
bacteria might survive and might even eventually increase in 
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numbers. There is also the possibility that bacteria subjected to 
a hydroxyl ion concentration near the lethal concentration might 
gain a start on the surface or o7» the walls of the container above 
the liquid and gradually neutralize their way and later develop 
in the whole tube, although .all of the bacteria which were com¬ 
pletely immersed in the egg while were killed. 

from a consideration of the li1er.alure on the subject, it seems 
that the infection of the so-called “fresh” eggs which have been 
used to determine whether or not bacteria are found in fresh eggs, 
could occur in any one of three ways; fiist, the yolk may be in¬ 
fected by infected ovaries before it starts down the oviduct; sec¬ 
ond, infection may occur as the yolk passes down through the 
oviduct: and third, infection may be produced after the egg is 
laid, by contact with wet .and soiled nesting material, etc. 

The literature is contradictory in reg.ard to the infection of 
eggs by i)ossibilitics one and two, although it docs indic.ate that 
the yolks of a small percentage of freshly laid eggs are infected. 
If we consider it possible that the yolk may be infected before 
it starts down the oviduct, or perhaps in i)assing down the oviduct, 
we can see that the hydroxyl ion concentration of the egg white, 
which is later increasetl due to the aging of these infected eggs 
in air for a few days before testing may ha\’e a considerable bear¬ 
ing on whether or not bacteria are found in the white. If the 
^olk is infected before it starts down the oviduct, the organisms 
will be in a medimn which is not germicidal. The yolk does not 
develop the high hydroxyl ion concentnxtion which limits growth, 
as is the case with the white. Eggs so infected would, after aging 
in air for a few days, probably show the presence of organisms 
in the yolk .and not in the white. ^Nlauer (1911), Rettger (1913), 
Bushnell and Mauer (1914), Hadley and Caldwell (1916), and 
others, have called attention to the fact that infected eggs usually 
contain the bacteria in the yolks while the wliites are sterile. This 
has .also been found in many instances in our own laboratory. 

Laschtschenko (1909) injected BadUus suhtilis into the egg. 
He found that if this organism was injected into the white, it was 
killed; but if it was injected into the yolk, it grew'. He also ob¬ 
tained growth of BadUus suhtilis in a mixture of the white and 
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the yolk but not in the white alone. This organism was killed 
by a mixture of yolk and white in our experiment. Lasch- 
tschenko probably used a strain of BadUus subtilis which was 
more resistant then the strain which we used. 

Rettger and Speriy (1912) found that under anaerobic condi¬ 
tions Bacilhis puirificus and BadUus edematis grew in egg yolk 
but were killed in egg white, as shown by appearance of the tubes 
and by microscopic examination. 

If the yolks are sterile as they start dowm the oviduct, and the 
oviduct is not sterile, organisms may be present in the white and 
may reach the yolk in this passage, or before the w'hite develops 
the high alkalinity after the egg is laid. In this case also it is 
probable that if the eggs were examined a few days after being 
laid the yolks would be found to be infected w'hile the whites 
\vould be found to be sterile even though the infection actually 
came from infected white in the oviduct. The investigators of 
fresh eggs (eggs a few days old) found the organisms chiefly in 
the yolk and not in the white. If the examinations had been 
made by a proper method within an hour after the eggs were 
laid, then it is possible that both white and yolk would have been 
found to be contaminated. In the light of this discussion it is 
seen that a reinvestigation of the bacterial content of fresh eggs 
and the germicidal properties of the secretions in the oviduct 
would be desirable. 

If a sterile egg is actually Laid, then infection might occur by 
the passage of the organisms from the shell to the yolk through 
the white before the white has had time to develop the high 
hydroxyl ion concentration w^hich would prevent the organisms 
from reaching the yolk later. At room temperatures the organ¬ 
isms must pass through the shell, and shell membranes, and the 
white, in a period of not more than three or four days, in order 
to infect the yolk. Whether such rapid passage is possible is 
rather doubtful. Progress through these structures must neces¬ 
sarily be slow. It should also be remembered that the yolk of 
the fresh egg is surrounded with an egg white gel, the viscosity 
of which would tend to retard the penetration of the bacteria. 

Some of the investigators of the question as to whether or not 
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eggs are contaminated with bacteria when laid, apparently did 
not believe it possible that bacteria could penetrate into the egg 
within the first few days after being laid, when stored under 
fairly dry conditions, for they frequently did not examine them 
for the presence of bacteria until several days after the eggs were 
laid. If it is impossible for the bacteria to penetrate the shell, 
the membranes, and the thin and thick egg white within a few 
days, then the only explanation for the presence of bacteria in 
the yolk of the so-called fresh eggs is that they were actually 
present when the eggs were laid. 

We have pointed out the importance of the hydroxyl ion con¬ 
centration of the white in resisting bacterial invasion. We now 
must account for the spoilage of eggs and decomposition of the 
white due to bacterial growth. Some points in this discussion 
may also apply to the invasion by molds but we are considering 
in this paper mainly invasion by bacteria. Many factors may 
play a part in regulating this invasion and some of them will be 
considered in a later paper, but in so far as the hydroxyl ion con¬ 
centration i^ concerned we may mention a few possibilities which 
seem to fit in with our present knowledge. 

If eggs with infected yolks are kept at a temperature which 
permits bacterial growth, the organisms may increase in numbers 
and gradually work their way out into the white neutralizing 
their way with their metabolic products as they go. 

If a sterile egg is laid, it may be infected with bacteria in sev¬ 
eral ways. If moisture condenses on the shell, or if moist nesting 
material adheres to the shell for some time and the temperature 
is suitable, bacteria will slowly invade the egg. The organisms 
probably first develop in the shell membranes where they are not 
exposed to the high alkalinity of the white and then gradually 
invade the white as their metabolic products reduce its alkalinity. 
It has been found that egg white which is highly infected with 
organisms is usually considerably more acid than the uninfected 
egg white, the pH frequently dropping to near the neutral point. 

Another point of invasion of bacteria into eggs is by way of 
the air space. It is probable that bacteria can grow on the mem¬ 
brane forming the surface of the air space without very many of 
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them coming in contact with the alkaline albmnin. The al¬ 
kalinity of the egg white would be gradually neutralized by their 
metabolic products, as mentioned above, thus permitting the 
organisms to penetrate further and further into the white. Cand¬ 
ling evidence seems to bear out this idea. 

Stored eggs are never turned, and the yolks may move through 
the white until they touch the shell. Bacteria then are able to 
grow where this contact is made, entering from the shell and its 
membranes and growing in the yolk. As was mentioned before, 
acid bj'-jnoducts, liberated by bacterial growth, gradually neu¬ 
tralize the alkaUnity of the white surrounding this point of con¬ 
tact. CandUng evidence also seems to bear out this idea. 

This study has all been carried out on a relatively few organ¬ 
isms, but as egg white which had a hydroxyl ion concentration 
corresponding to p4I 9..5 was germicidal to all of them, we have 
concluded that the hydroxyl ion concentration is the most im¬ 
portant variable factor in limiting the growth of organisms in 
natural egg white. e Inne not eliminated the j)ossibility of 
there being organisms, or e\ en strains of the organisms which we 
have investigated, th;it cun withstand this high alkalinity of the 
natural egg white, but such organisms ai'e jirobably not \ ery nu¬ 
merous. 

There is one ]joint which we have not taken into consideration 
in this w'ork, that is the variation in the germicidal action of egg 
white of various pH values with change in temperature. All of 
our tests of the germicidal action were made by inoculating egg 
white at room temperature and then placing the tubes in an air 
thermostat at 37”C. and determining the count at the end of six 
hours. One would expect that the death rate would be slower 
at the lower temperatures, but that the death of the bacteria 
would still occur. 

Rettger and Sperry (1912) state “The last two series of results 
seem to indicate that the bactericidal action of the egg-white is 
accelerated with increased temperature. ” 

It is readily seen from the investigation reported here that the 
hydroxyl ion concentration of the raw egg white may assume a 
very important r61e in regard to the storage of eggs. It is also 
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apparent that a marked difference exists between the effect of the 
hydroxyl ion on the germicidal action of raw and heated egg white. 
The bacteria are able to grow in egg white which has been heated, 
even though it !ias a hydroxyl ion concentration which would 
limit growth in the unheated material. There is apparently some 
other factor in raw egg white, in addition to the hydroxyl ion 
concentration, which affects the growth of bacteria. This other 
factor does not, however, minimize the practical importance of 
the hydroxyl ion concentration in regulating the growth of bac¬ 
teria in raw egg white. 


SUMMARY 

1. 'rhe so-called germicidal action of raw egg white is markedly 
influenced by the hydroxyl ion concentration, wliich increases 
rajiidly during the first few days of storage of untreated eggs 
in a ventilated room. It was found that the hydroxyl ion con¬ 
centration of the white corresponding to that at the time the egg 
was laid would permit growth, while the hydroxyl ion concen¬ 
tration corresiionding to the whites of eggs aged a few days in 
air was germicidal to the following organisms: Bacterium coli, 
Pseudomonas pyocifancns, Serratia marcescens, Proteus vulgaris, 
Pseudomonas Jliwrcscens, Bacillus cereus, Bacillus megatherium, 
and Bacillus mijcoides. 

2. The conflicting results of previous workers may be partially 
explained on the basis that they did not take into account the 
age of the egg and, conseciuently, the hydroxyl ion concentration, 
when testing for the germicidal action of the egg white. 

3. For vegetative cells of the strain of Bacillus subiilis wliich 
w’e used, normal egg white at all hydrogen ion concentrations was 
decidedly bactericidal, while the spores were more resistant. 

4. Heat and alcohol coagulation of the egg white destroyed its 
germicidal action on the vegetative cells of Bacillus siddilis. 

5. The toxic substance which kills the vegetative cells of Ba¬ 
cillus subtilis can be separated from egg w'hite by dialysis, the 
diffusate gradually becoming non-germicidal on standing. 
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GENTIAN VIOLET LACTOSE PEPTON BILE FOR THE 
DETECTION OF B. COLP IN MILK 

MILDRED ADAMS KESSLER and JOS. C. SWENARTON 
Bureau of Bacteriologyy Health Departmentj Baltimorey Maryland 
R€*ceived for publication October 6, 1926 

Since the original researches of Churchman fl912) on the se¬ 
lective action of the triphenylmethane dj'cs on bacteria the use 
of these dyes in bacteriological media has become quite extensive. 
Their use in media for the detection of B. coli promptly suggested 
itself. Hall and Ellefson (1918) recommended the use of gentian 
violet in the lactose broth used for the presumptive test for 
B. coli in water, and published a note (1918a; on the use of the 
same in demonstrating B. coli in milk. ]Muer and Harris (1920) 
showed the value of brilliant green lactose pepton bile in the 
elimination of presumptive tests due to anaerobes and stated that 
10 per cent or more of gas in the medium is an indication of the 
presence of B. coli which needs no confirmation. Winslow and 
Dolloff (1922) demonstrated the effect of bile in reducing the 
inhibiting action of gentian violet and brilliant green for members 
of the B. coli group. 

The medium which we will tlescribe here for detecting B. coli 
in milk was formulated after a consideration of the above articles 
and as a result of our own experience with plain lactose broth, 
gentian violet lactose broth, and gentian violet lactose pepton 
bile. 

Our interest in a reliable method for detecting B. coli in milk 
was created by our desire to include in a biicteriological study 
of the milk supply of the city® an estimation of the B. coli content. 

* The term B, coli is used in this paper to refer to all members of the group: i.e., 
all Gram-negative, non-spore-forming bacilli which ferment lactose with the for¬ 
mation of gas and grow^ aerobically on standard solid media. 

* The details of this work have not been published as yet but an abstract of a 
preliminary paper will be found in the American Journal of Hygiene, IVIay, 1925. 
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We discarded plate methods for this purpose, not because these 
methods are altogether unreliable, but because it has come to be 
considered essential to demonstrate that, an organism produces 
gas from lactose before it can be considered as belonging to the 
B. coli grou]). 

Plain lactose broth as recommended for water analysis was 
tried and discarded as unreliable because of the frequent occur¬ 
rence of positi\'e presumptive tests in the higher dilution while 
the low dilutions were negative. We were at a loss to explain 
these results except on the ground that when acid producing 
organisms other than B. coli are present in great numbers in the 
inoculum they promptly develop enough acid to inhibit the 
growth of B. coli. Since the majority of the non-coliform organ¬ 
isms in milk are (Irarn-positive, the above line of reasoning sug¬ 
gested the use of gentian \ iolcl in t he broth. 

That our assumption is probablj' correct was shown in the 
comparison of results obtained in plain lactose broth and lactose 
broth to which gentian violet in concentration of 1-100,000 was 
added. The results not only indicated that the addition of 
gentian violet to lactose broth improves the medium for use in 
milk work but also that gentian violet e\'en in the low concentra¬ 
tion had a tendency to inhibit colon organisms. 

Since Winslow and Dolloff (1922) had demonstrated that bile 
incorporated in the medium reduced the inhibiting effect of 
gentian violet for members of the B. coli group, we decided to 
try medium containing bile. The medium' used was the same as 
described by Muer and Harris (1920) except that we used gentian 
violet in a concentration of 1-25,000 instead of brilliant green and 
adjusted the reaction to pH 7.8 before adding the dye. 

Nineteen samples of pasteurized milk and 23 samples of raw 
milk were examined for B. coli with this medium and with plain 


* “Ilcat 1 liter of distilled water in a double boiler until water in outer vessel, 
boils. Add 50 grams of bile and 10 grams of pepton, stirring until all ingredients 
arc dissolved; continue boiling for one hour. Remove from flame and add 10 
grams of powdered lactose. Filter through cotton flannel until clear. I'o each 
liter of filtrate add 10 cc. of a 1 per cent solution of brilliant green. Tube and 
autoclave for fifteen minutes at 15 pounds pressure 
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lactose broth. Dilutions from 1 cc. to 1/100,000 cc. were made 
on all samples and incubated ;at 37°C. Of the 19 pasteurized 
samples the lactose broth showed a total of 8 positive both in 
twenty-four and forty-eight hours, against 10 in twenty-four 
hours and 14 in forty-eight hours in gentian violet lactose bile. 
Of the 23 raw milk samples tested, the lactose broth gave 51 posi¬ 
tives at the end of twenty-four hours and 54 in forty-eight hours, 
as compared with a total of 80 in twenty-four hours and 81 in 
forty-eight hours with the gentian violet medium. 

The results indicate that the gentian violet lactose pepton bile 
is far superior to plain lactose broth for the detection of lactose 
fermentation in milk and gives no such indication of inhibition 
of these organisms in the higher dilution as w’as indicated in the 
case of plain gentian violet lactose broth. 

In none of the tests so far described were confirmatory tests 
made for the presence of organisms of the B. coli group in the tube 
showing gas. The gentian violet lactose pepton bile medium was 
adopted for use in estimating the B. coli content in the milk sup¬ 
ply. For this purpose we used decimal dilutions and in order to 
confirm our anal3"ses with respect to B. coli we selected in each 
case the tube from the highest dilution which showed gas and 
plated it on eosin-niethj’lene-blue agar for the observ'ation of 
tj^pical colonics on this medium. This is essentially the par- 
tiallj' confinned test as described in the Standard Method for 
Water Analysis. 

One thousand and ten (1010) such determinations w'cre made, 
and all except ten (10) showed to pical growth for members of the 
B. coli group. The ten tubes which did not confirm by this 
method were not examined further but were considered as nega¬ 
tive for B. coli. It is possible that some or all of these contained 
B. coli but the growth was atypical or the tj^pical appearance was 
obscured by other organisms. However, if we consider these as 
false tests we still have more than 99 per cent of the tubes ex¬ 
amined showing good evidence that the gas produced was due to 
the activity of some member of the B. coli group, and we believe 
that for all practical purposes it may be considered that gas 
formation in gentian violet lactose pepton bile which has been 
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Showing the number of positite tests obtained in each quantity of milk icHed for 5 different media 

Raw milk 
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inoculated with milk or diluted milk is a positive indication of the 
presence of organisms of the B. coli group. 

Since the medium as described above is quite expensive be¬ 
cause of the high content of bile, we decided to run some com¬ 
parisons with a medium in which lower percentages of bile were 
present. We made up four batches of the medium containing 
5, 10, 25, and 50 grams of bile per liter respectively. These 
together with plain lactose broth were tested on 60 samples of raw 
milk and 40 samples of pasteurized milk. The results are tabu¬ 
lated in tables 1 and 2. 

It will be noted that in raw milk the medium containing 5 per 
cent of bile shows a slight superiority over those containing less 
bile, but in pasteurized milk there is practically no difference. 
It will also be noted that the total number of positive tests ob¬ 
tained from the raw samples with the medium containing 2.5 per 
cent of bile was less than the total number obtained with either 
the 1.0 per cent or the 0.5 per cent bile medium. In other words, 
the curve from 0.5 per cent bile to 5 per cent bile is not a smooth 
one. We feel that the superiority indicated for the 5 per cent 
medium is not to be considered too seriously. The possibilities 
are that the figures are the result of chance, and if a larger 
niunber of comparisons was made the curve would smooth out into 
a straight line at least with respect to the 1, 2.5, and 5 per cent 
media. However, the average percentage of gas, which perhaps 
may be considered as indicating more favorable conditions for 
growth, is also higher for the 5 per cent and 2.5 per cent bile media 
than for the lower percentage bile media. The difference between 
the 2 per cent and the 1 per cent medium is not so great as to 
indicate a decided superiority. We therefore feel that the 1 per 
cent medium can be used in routine work with the assurance that 
B. coli will be detected just as surely as with a medium containing 
more bile. Using this concentration of bile the cost of materials 
is less than one-fourth of that for the 5 per cent medium and the 
medium becomes a practical one for use in routine work. 



DETECTION OF B. COLI IN MILK 


53 


summary 

Plain lactose broth, gentian violet lactose broth, and gentian 
violet lactose pepton bile hjive been compared as to their relia¬ 
bility for detecting B. coli in milk. It was found that gentian 
violet lactose pepton bile is the most reliable of these media for 
this purpose, and the formation of gas in this medium when 
inoculated with milk or diluted milk is a positive indication of the 
presence of B. coli which for practical purposes needs no confir¬ 
mation. 
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INTRODUCTION 

One of the onlstanding purposes of sewage treatment is to 
obtain a substantial reduction in the number of bacteria present. 
'Fhat the intestinal bacteria which constitute the bulk of the 
organisms in the incoming sewage are reduced considerably as a 
result of the treatment has long been known; but the factors in¬ 
fluencing this reduction from the standpoint of practical operation 
of a sewage disposal plant have not been fully studied. Further 
it is conceivable and probable that even though these intestinal 
organisms are reduced in numbers, they may play a temporary 
and yet an important role in the process of purification itself. 
The following work was undertaken as an attempt to clarify some 
of these factore which operate in the reduction of B. cali and B. 
anogenes in a sewage disposal plant and to determine their fate, 
and role. 

The work will be reported in two parts. In the first part will 
be given the results of a survey of the distribution of these organ¬ 
isms in the different units of a sewage disposal plant. In the 
second part laboratory experiments wall be reported on the fate 
of B. coll and B. aerogenes in fresh solids and in sludge to which 
a daily addition of fresh solids was made. 


‘ Paper No. 325 of the Journal Series, New Jersey Agricultural Experiment 
Station, Department of Sewage Disposal. 
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EXPERIMEOTAIi 

Method 

The numbers of B.^coli and B. aerogenes were determined by 
the dilution method. One cubic centimeter portions of the 
A'arious dilutions of the samples were inoculated into gentian 
violet lactose tubes. After forty-eight hours incubation at 37°C. 
these were streaked on the surface of solid gentian violet-eosin- 
methylene-bile agar. This is the ordinary standard agar used for 
this purpose as modified by Skinner and Murray (1924) with the 
addition of gentian violet at a concentration of 1:100,000 to re¬ 
press the development of spreading colonies. 

PART I 

The numbers of B. coli and B. aerogenes were determined by 
the above method for a period of seven months in the different 
units of the sewage disposal plant at Plainfield. The sewage at 
this plant after passing through the Iliensch-Wurl screen is 
treated in a series of Imhoff tanks, the first of which is used as 
a preliminary sedimentation tank. The effluent of the tanks is 
sprinkled intermittently over trickling filters. The effluent of the 
filter bed is further passed through a final settling tank. 

Beginning with the middle of August 1925 up to the end of 
March 1926 samples were taken on Wednesday at 11 o'clock at 
which time the concentration of the sewage can be taken as an 
average for the rest of the day. Twenty minutes after the 
sampling of the screened influent a sample was taken from the 
effluent of tank 1 which was being used as a preliminary sed¬ 
imentation tank. A sample of the sewage after going through 
the remainder of Imhoff tanks was collected forty minutes after. 
Half an hour was allowed before taking the next sample from the 
filter bed effluent and ten minutes after this, the effluent from 
the secondary sedimentation tank was collected. These inter¬ 
vals represent the average flow time through the different imits. 
By this means comparative studies could be made as to the 
effect of the different units upon B. coli and B. aerogenes of what 
was initially the same sewage. 
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TABLE 1 

The numbers oj B. colt and B. aerogenes in the different units of a sewage 

disposal plant 



IVFLUENT 

TANK 1 
tim.-UENT 

•CNIT 

ErFLl-'ENT 

FILTER 

EFFLUENT 

FINAL 

EFFLUENT 

"o 

U 

3. 

C 

& 

o 

'o 

U 

£ 

OJ 

1 

o 

1 

"o 

Aerogenes 

o 

to 

O 

1 

2 

Coli 

.Aerogenes 


thou- 

thou- 

thou- 

thou- 

thou- 

thou- 

thou- 

thou 


thou- 

thou- 


sands 

sands 

sands 

sands 

sauots 

sands 

sands 

sands 

sands 

sands 

August 12 

1,000 

1,000 



100 

10 


1 


100 

10 

August 19 

1,000 

1,000 

100 

10 

50 

10 

1 

5 


5 

10 

Soptember 2 

500 

500 

10 

50 

50 

10 

10 

1 


1 

1 

September 9 

100 

100 

500 

500 

500 

100 

10 

10 


10 

10 

September 23 

100 

100 

500 

500 

100 

1,000 

100 

100 


50 

10 

Sept(‘m})er 30 

100 

100 

50 

50 

10 

10 

10 

1 


50 

1 

October 7 

100 

100 

50 

10 

100 

100 

1 

1 


1 

1 

October 14 

100 

100 

50 

10 

100 

100 

1 

1 


5 

5 

OctolK*r 21 

50 

50 

10 

50 

100 

50 

5 

5 


5 

5 

Octolier 28 

10 

10 

10 

50 

10 

5 

10 

10 


1 

1 

Nov(*mber 4 

10 

10 

10 

10 

10 

10 

5 

5 


5 

1 

November bS 

100 

5 

500 

500 

10 

5 

1 

0 

1 

10 

10 

November 25 

500 

10 

10 

10 

1 

5 

10 

10 


10 

10 

December 2 . 

10 

10| 

1 100 

100 

1 

10 

' 1 

0 

1 

1 

0 1 

December IG 

100 

1 loo; 

i 1 

1 

5 

5 

1 

1 


1 

1 

Deceitiber 23 

1 

I 

1 

1 

1 

1 

1 0 1 

0 

1 

1 

1 

December 30 

lOj 

10 


10 

10 

10 


10 


10 

0 1 

January G 

10^ 

10 

1 

iO 

10 

50 

50 

! 1 

0 

1 

5 

1 1 

January 13 

1 

1 

10! 

10 

50 

50 

' 1 

1 


5 

5 

January 20 

50 

50 

50 ! 

50 

100 

100 

’ 1 

1 


0 1 

0 1 

January 27 . . .. 

5| 

5 

5 

5 1 

1 

1 

1 0 1 

0 

1 

1 

1 

P'ebruary 3 ... 

10! 

5 

100 

1 1 

50 

5 

1 

0 

1 

1 

0 1 

February 19 . 

5 

i 

5 

5 

5 

10 

i 

1 


10 

10 

February 24. 

5 

, 5 

5 

5 

10 

10 

' 5 

5 


1 

5 

March 3 . 

5 

' 5^ 

10 

1 

5 

5 

! 1 

1 


10 

1 

March 10. 

5 

! 5; 



10 

10 0 1 

I 0 

1 

5 

5 

March 17. 

5 

1 



100 

50 

1 

1 


1 

0 1 

March 24. 

1 

1 

i 

i 


1 

10 

5 

5 


0 1 

0 1 

March 31. 

50 

50; 



5 

5 

1 

1 1 


1 

0 1 


Discussion of results 

The results are given in table 1 from an examination of which 
it can be seen that the fluctuations are great and that the results 
for B. coli and B. aerogenes follow each other quite closely. Hence 
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the results for these two organisms were added and monthly 
averages made. These figures are given in tables 1 and 2, which 
contain also the monthly average of suspended solids in the 
units. As far as seasonal correlation is concerned it can be said 
in a general way that the numbers of B. coli and B. aerogenes 
in the incoming sewage were lower in winter months than in the 
fall, but the reduction in numbers due to treatment was not 
necessarily higher in the winter months. In fact in January and 
February the tank effluent showed a decided increase over the 
original numbers (see fig. 1). 


TABLE 2 

Monthly averages of B. coli and B. aerogenes and of sxispended solids in the different 

units of the plant 



INFLUENT 

TANK I 
EFFLUF.NT 

UNIT EFFLITK.NT 

BED EFFLUENT 

FIN\L 

EFFLUENT 


Solidft* 

Bac¬ 

terial’ 

Solids 

Bae- 

tenat 

Sol ids 

Bac¬ 
teria t 

Solids 

Bac- 

tenat 

1 

Solids 

Bac- 

termt 


p p rn 

thou- 

mnds 

ppm 

tkou- 

mnds 

p P m 

thou¬ 

sands 

p P m 

thon- 

saruis 

P !> m 

thou¬ 

sands 

August., 

251 

2,000 


110 

62 

85 

32 

1 7 

25 

62 

September . 

189 

400 


540 

59 

445 

82 

60 

46 4 

33 

October 

231 

130 


60 

45 

141 

28 

8 

39 0 

6 

November 

186 

212 


347 

63 

14 

44 

10 

25 

15 

December .. 

189 

61 


56 

64 

13 

67 

6 

43 

3 3 

January.. 

229 

34 


37 

81 

100 

65 

1 3 

44 8 

4 5 

February 

164 

12 


40 

88 8 

30 

50 4 

5 7 

47 4 

9 0 

March 

186 

25 


11 

82 

40 

32 

3 2 

23 

4 7 


* The figures on solids were obtained by the courtesy of Mr. Downes, 
t Bacteria B. coli and B. aerogenes. 


Table 3 gives the results calculated in terms of percentage 
reduction as compared with the incoming sewage for solids and 
for bacteria. On examining this table it can be seen that the 
greatest reduction in the bacteria took place after the sewage had 
passed through the filter beds. In the tanks the reduction was 
either inappreciable or altogether absent; in fact on a number of 
occasions there was a decided increase in the number of B. coli 
and B. aerogenes. The increase was most pronounced in Jan¬ 
uary and February. An explanation of this will be offered 
below. With only one exception, once the sewage passed over 
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the beds, a very uniform reduction took place which averaged for 
the whole period about 89 per cent of the original numbers. The 
only apparent exception to this seems to be in February when 
only a 53 per cent reduction took place in the beds. However, 
on referring to the table it will be seen that the numbers of B. coli 
and B. acrogenes that went through the beds was low and that 
the percentage reduction was also low because the incoming 
solids in the month had low figures. 


TABLE 3 

Reduction of B. coli and B. acrogenes and of solids in the different units of the plant 



RKDUrnoN IN 

SETTLING TANK 

RKDDmON IN 
IMHOFF TANKS 

REDUmON IN 
BEDS 

REDUCTION IN 
PINAL TANK 

Solids 

Bacteria 

Solids 

Bac¬ 

teria 

Solids 

Bac¬ 

teria 

Solids 

I Bac- 
1 terui 


per vent 

per rent 

per cent 

per cent 

per cent 

/)cr cent 

per cent]per ctnt 

August . .. 


~95 

-75 

-96 

-8S 

-100 

-90 

-97 

September 


-f'35 

-69 

+11 

-57 

-85 

-76 

-92 

October. ... 


-54 

-81 

+9 

-88 

-94 

-83 

-96 

November . 


+63 

-6b 

-94 

-76 

-96 

-87 

-93 

December . 


-8 

1 -66 

-79 

-65 

! -90 

—77 

-95 

January.. . 



! -65 

+194 

i -72 

1 -96 

-81 

-87 

February. 


+230 

-46 

+150 

-69 

-53 

-71 

-25 

March 


-56 

-56 

+60 

-83 

-87 

-88 

-81 

Average. 


+15.5 

-65 

+ 190 

-75 

-89 

-82 

-83 


* -f is increase; — is decrease. 


As far as reduction of the number of B. coli and B. aerogetics 
is concerned there is nothing to be gained from the final settling 
tank in fact there is usually a slight increase in the bacterial 
numbers due to this final treatment. 

The suspended solids on the other hand were removed effec¬ 
tively in the tanks, an average of 65 per cent reduction of the 
original taking place for the whole period. The solids were 
reduced in the beds an additional 10 per cent. In the final 
settling tanks a further removal of 7 per cent over bed eflSuent 
took place. It thus becomes apparent that the reduction of the 
bacteria is not directly correlated with the reduction of solids. 
In the tanks where reduction of solids is most pronounced a 
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bacterial reduction mi^ht either be small or there might even be 
an increase. On the other hand with a 10 per cent reduction of 
solids in the beds we get 89 per cent reduction of the bacteria. 
l‘\irthermore while the solids are reduced further in the final 
settling tank there is no corresponding decrease in the bacteria. 
All these facts seem to indicate that the bacteria are not associated 
with the solid particles to a great extent. The determinations 
of solids were made by passing the material through Gooch 
crucibles. This would include all suspended solids except 
colloidal particles and dissolved solids. It would therefore seem 


TAm.K 4 


livlatiun of JincKC"^ of parltrhs: to the discrtbimon of bacteria 



HOtADS 

BACTKHIA 
PER 
cciiie 
{'f NTI- 
MLTLR 

INC REASL 

OR 

DECREASE 
Oir BOUDS 
OVER 
OHKJlN'\L 

r\( UEVHE 

on 

DECK FA BE 
OF 

B4CTEK1A 
UV> U 

ORldlNAL ; 

BACTERIA 

PER 

GRAM 

DRY 

SOLIDS 


{ter fv /,*/ 

mil lion ft 

1 ppr cent 

frtrrr’Ht \ 

in til tons 

1 shaken 

2 centrifuged a minute superna- ' 

2 40 

34 0 


1 

1 

1,417 

tant liquid j 

0 72 

' 15 9 

--70 0 

-53 2 

2,208 

3 centrifuged 1 minute deposit j 

4 centrifuged 10 minute superna- j 

10 92 

14 0 

•-f'355 

-57 0 

134 

tant liquid j 

0 01 

C 2 

~74 6 

-SI 8 

1,010 

5 centrifuged 10 minute deposit j 
(i centrifuged 10 minute superna- j 

15 35 

244 0 

-i-539 6 

-i-6l8 0 

1,589 

tant liquid filtered ! 

0 52 

1 2 

-7S 3 

-90 4 

234 


that the bacteria are associated mamly with the line colloidal par¬ 
ticles. 

The following experiments demonstrate that the bacteria are 
actually associated with the fine particles. Liquid from a tank 
was taken and different portions centrifuged for one to ten 
minutes and one portion filtered after centrifuging. Solids and 
the total number of bacteria w'ere determined from the super¬ 
natant liquid and the deposit. The results as given in table 4 
show that on centrifuging for one minute the percentage re¬ 
duction of solids in the liquid was greater than that of bacteria. 
On centrifuging for ten minutes the reduction of bacteria in the 
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liquid was greater than that of the solids. On the other hand 
the solids in the deposit on centrifuging for one minute showed 
a percentage increase while the bacteria decreased; and on 
centrifuging for ten minutes the increase in both cases was of the 
same order. In the filtered and centrifuged liquid, reduction in 
bacteria was of a greater order than that of solids. The bacteria 
per gram of dry solids were highest in the supernatant liquid of 
the one minute centrifuged material. They decreased on pro¬ 
longed centrifuging. The bacterial content per gram of dry 
solids in the deposit of 1 minute centrifuged material was low and 
increased on prolonged centrifuging. All these facts would 
indicate that the bacteria are mostly associated with the finer par¬ 
ticles in sewage. 

In view of this conclusion an explanation for the actual increase 
in the numbers of B. coli and B. aerogenes in passing through the 
Imhoff tanks in the winter months can be offered. That it is not 
correlated with a corresponding increase in total solids is clear. 
To assume an actual multiplication of the organisms in the tanks 
during these months is untenable. On the other hand it is 
evident that rapid digestion does not take place in these months. 
Hence, solids are being added constantly to the digestion chambei 
of the tanks which are not being digested. These are accumu¬ 
lating constantly and naUirally displacing the liquid. It is in this 
displaced liquid from the tanks that we have to look for an 
explanation of increased numbers of B. coli and B. aerogenes in 
the tank effluents. This liquid has a relatively high percentage 
of colloidal material and hence more bacteria. Furthermore 
lower temperatures in winter retard the rate of decrease of these 
organisms hence more of them are found in the displaced liquid 
than would be the case in summer months. This last statement 
is borne out by the temperature experiment in which the B. coli 
were observed to live over a longer period of time at lower tem¬ 
peratures than at high temperatures. This phase of the problem 
will be fully discussed in a later publication. Thus, in the winter 
months when digestion is slow not only is more of the liquid from 
the tanks displaced due to piling up of solids but the number of 
the intestinal organisms surviving in the tanks is greater due to 



FATE OF B. COLI IN SEWAGE PURIFICATION 


63 


the reduction in acid production by these organisms which is the 
dominating factor in reducing their number. 

In view of the aiiove conclusion, that the bacteria are mostly 
associated with ihe finer colloidal particles of sewage, it would 
seem to be a feasible plan to attempt to reduce their numbers 
by adding a coagulating agent to flock out these colloidal par¬ 
ticles. The points to be considered in such a scheme would be: 

(1) I'he selection of a practical and efficient coagulating agent. 

(2) The addition of this material in the necessary concentrations 
to sewage which has undergone a preliminary sedimentation in 
order to remove most of the settable solids and thus reduce the 
concentration of the coagulant needed. (3) The detention 
period necessary for the settling of the coagulated material. 

It would seem that such a scheme could be used in any one 
of the following ways: 

1. Where no trickling filters or sand beds follow sedimenta¬ 
tion and digestion tanks. 

2. In addition to trickling filters where very pure effluents are 
recpiired. 

.3. In combination with chlorination thereby reducing the 
amounts of chlorine required. 

-1. Instead of chlorination. 

Such a i)roecdure would luu e an advantage o\'er chlorination 
in the fact that the colloidal and putrescible material in the 
sewage would be settled out and retained in the tanks, while in 
chlorinated sewage such substances decompose in the stream. 

Summary and conclu^iona 

A study was made oA er a period of seven months on the dis¬ 
tribution of B. coli and B. aerogenes in the different units of a 
sewage disposal plant. 

There were no significant differences between the relative 
numbers of B. coli and B. aerogenes at a given date for a given unit. 

The weekly fluctuations were great but monthly averages show 
that the numbers in the incoming sewage were lower in the winter 
months. 

Ordinarily in passing through the Imhoff tanks a material 
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reduction of the numbers of B. edit and B. aerogenes does not take 
place. 

A reliable and material reduction of these organisms invari¬ 
ably takes place in the filter beds, averaging to 89 per cent of the 
original numbers. 

In the final settling tanks there is no further reduction, but 
sometimes an increase. 

There is no correlation between solid removal and bacterial 
reduction in the different units. Whereas maximum removal of 
solids takes place in the tanks, maximum reduction of B. coU and 
B. aerogenes takes place in thfe beds, with no corresponding de¬ 
crease in solids. 

Bacteria are associated with the fine suspended particles which 
pass through the tanks and their numbers are reduced in the beds 
due to unfavorable conditions for continued viability. 

There is an increase in the number of these organisms in the 
effluent from the tanks as compared with the incoming sewage 
in winter months due to more suspended solids passing out of the 
tanks. The lower temperature causes a low rate of digestion in 
the tank which induces (1) more of the liquid in the tanks to be 
displaced into the flow compartment and (2) retards the re¬ 
duction of these organisms ip the tank. 

PART II 

This part of the work concerned itself with the fate of B. coli 
and B. aerogenes in the fresh solids that enter the tanks contin¬ 
uously. As indicated in the previous discussion the majority of 
them pass on in the effluent of the tanks with the finely suspended 
solids to the filter beds where they are greatly reduced in numbers. 
However, considerable numbers of these bacteria are accumu¬ 
lating with the fresh solids in the digestion compartment of the 
tanks. They are always found present in these solids in consid¬ 
erable numbers especially when the tank is in operation and is 
receiving large quantities of solids. What is their fate and r61e 
here? 

A series of laboratory exjieriments was started with the purpose 
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of answering this question. The arrangement of the experiment 
was as follows: 


1 Fresh solids diluted 1:3 

2. Ripe sludge 

3. Ripe sludge plus 2 per cent fresh solids 

4. Ripe sludge plus 4 per cent fresh solids 

To numbers 3 and 4 respectively 2 and 4 per cent of fresh 
solids (by volume) were added daily. The numbers of B. coli and 


TABLE 5 

The numbers of B. coli and B. aerogenes in the digestion of fresh solids alone and in 

combination with sludge 





( 


111 

IV 



I 

11 

SLUDGE + 

SLUDGE 4- 


rilERH BOLIDH 

SLUDGE 

2 PER CEOT 

4 PER CENT 






ERF SU SOLIDS 

FRESH SOLIDS 


("oli 

Aero- 

gencB 

Coli 

Acro- 

genoB 

Coh 

Aero- 
go DPS 

(bli j 

Aero- 

genes 

] 

ihouaanda 

thousands \ 

thou^ 

sands 

thou¬ 

sands 

thou- 1 
sands 

thou- j 
sands 

thou- 1 
sa-nds 

thou¬ 

sands 

September 24 .... 

1,000 

100 

100 

100 





September 25 

1,000 

500 







Sc^pt ember 26 

10,000 

10,000 

10 

10 

10 

10 

50 

50 

September 30 

i 500 

500 

10 

10 

50 

50 1 

50 

50 

October 3 . . 



0 1 

0 1 

10 

50 I 

100 

100 

October 7 

100 

100 

0 

0 

10 

1 

50 

10 

October 10 . 

! 0 1 

0 1 

0 

0 

i 50 

10 

50 

50 

October 14 . ... 

5 

5 

0.1 

! 0 1 

5 

1 5 

100 

1 

October 21_ 

10 

10 

0 

0 

5 

1 

5 

50 

Xovember 11. . 

0 1 

0 

0 

0 

10 

1 

10 

10 

November 18 .. 

i 

i 



i 5 

1 

10 

10 


B. aerogenes were determined at intervals. The results are given 
in table 5. It can be seen at a glance that the numbers of B. coli 
and B. aerogenes follow each other closely. The number of these 
organisms in the fresh solids increased up to ten million after two 
days incubation and within a week they were back to their orig¬ 
inal numbers whereas after two weeks they fell to a very low 
level. If we compare the numbers of these organisms with total 
acidity production in the digestion of fresh solids as given by 
Rudolfs et al. (1924) we find a very close relationship. Acidity 
increases tremendously in the first two or three days after wliich 
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it increases rather gradually and with fluctuations up to three 
weeks when it begins to drop. It is natural to ascribe this 
initial and sudden increase in the acidity to the activities of these 
intestinal organisms which have a very decided carbohydrate 
metabolism. The soluble carbohydrates of the fresh solids offer 
a good medium for their activities as a result of which large 
quantities of acids are produced. This high acid concentration in 
turn checks and represses their further growth. The reduction 
of the acidity can result from neutralization by alkaline material 
produced in the course of digestion or from the direct breaking 
down of organic acids by other groups of organisms. It is also 
possible that a combination of these two factors operate in the 
same direction. 

In the second part of this ex{)eriment, where different amounts 
of fresh solids were added daily to ripe sludge, the tendency was 
similar except that the numbers did not go to as low a level. In 
the sludge bottle to which no fresh solids were added the numbers 
of B. coli and B. ncrogcncs were nat urallj’ reduced to a low level 
within a week, ^^'ilh 2 per cent fresh solid additions the max¬ 
imum numbers occurred within the same period of time after 
which the numbers fluctuated with a declining tendency until an 
equilibrium was established. ^\ ith 4 per cent fresh solids the 
maximum numbers occurred after ten days after which the 
munbers decreased with fluctuations until an equilibrium was es¬ 
tablished which was higher than with two per cent fresh solids. 

The significant part of this experiment is that even with daily 
additions of fresh solids the numbers of B. coli and B. aerogenes 
do not keep on increasing but after reaching a maximum within 
a week or so they begin to decrease until they reach an equi¬ 
librium. The level of this equilibrium depends upon the amount 
of material added. 

The conclusion reached as to the effect of materials produced 
in the course of digestion of fresh solids on the intestinal organ¬ 
isms applies in this case where fresh solids are added daily to ripe 
sludge. In fact each daily addition of fresh solids can be taken 
as a miniature portrait of what is taking place when fresh solids 
are digested alone. Each daily addition of fresh solids carries 
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with it a number of the intestinal organisms which act on the 
available carbohydrates of the fresh material, resulting in an 
increase of acidity. Their numbers increase until the acidity 
reaches a certain point and then they are repressed in spite of 
the constant addition of fresh solids. The process in this case 
is complicated because of the action of ripe sludge in producing 
simultaneously alkaline material which over-balances the initial 
increase in acidity to a certain extent. The greater the addition 
of solids the greater the available food, hence the higher the peak 
attained will be. The numbers from this point on will be con¬ 
trolled by the balance between acid production of the neutral¬ 
izing effect of sludge, which balance determines the point of equi¬ 
librium for these organisms. 

Summarj/ and concbmons 

When fresh solids are digested without seeding the numbers of 
B. coli and B. acr<yjcneH rise to a maximum within two days after 
which they fall rapitlly to a low level. This coincides with the 
increase in acidity due to the attack of available carbohydrates. 
It is suggested that the B. adi group is mainly responsible for 
the decomposition of available carbohydrates in the beginning, 
giving rise to high acidity which in turn checks their own numbers. 

With daily additions of fresh solids to ripe sludge the same 
relationship holds, namely, an increase in B. coli and B. acrogenes 
to a peak within a week or so, the level of the peak depending 
on the amount of fresh solids addetl. 'I'heir numbers decrease 
after this until an equilibrium is reached, the level of which is 
also controlled by the amount of material added. 
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INTRODUCTION 


The influence of electrolytes upon plant and animal cells has 
been studied by a great number of observers; and the literature 
of the subject has been so well reviewed by Falk (1923) that it 
requires no detailed summary here. In general the influence of 
the electrolytes has been measured by the growth of cells in 
favorable media or their survival in unfavorable media or by 
the rate of chemical change produced through ceU activity, in 
the formation of carbon dioxide from sugar solutions, in the 
formation of ammonia from pepton or in the process of nitrifica¬ 
tion. Changes in electrical resistance have also been studied by 
many observers, with contractility of muscle and viability of 
eggs and larvae in animal forms. These investigations have, as 
is well known, justified the broad conclusions that dilute solutions 
of electrolytes are favorable and stronger solutions unfavorable, 
to biological processes, that bivalent cations are more powerful 
in their effects than monovalent cations, that where permeability 
effects are manifest the imivalent cations tend to increase diffusion 
and the bivalent cations (in similar concentration) tend to de¬ 
crease it, and that these two types of cations appear to exhibit a 
more or less definite antagonism. 

Since the appearance of Falk's review of the subject the most 


* Part of a dissertation presented by H. J. S. for the degree of Doctor of Philos¬ 
ophy in Yale University. 
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important contributions have been along four different lines as 
follows: 

a. Cook (1926) has shown that the production of carbon dioxide 
by Aspergillus is decreased by H, Cu and Hg ions in the concen¬ 
trations studied while Ag first increases and then decreases it. 

h. The penetration of various substances into the vegetable 
cell has been studied by direct observation in the case of the 
giant cells of Nitella and Valoniaby Osterhout (1925), Osterhout 
and Dorcas (1925), Irwin (1926), and M. M. Brooks (1926 a, b). 
The first three observers claim that the plant cell is penetrated 
only by undissociated molecules, a conclusion w'hich Mrs. Brooks 
denies. 

c. Various investigators have reported on the effect of elec¬ 
trolytes upon the electrical conductivity of suspensions,—Peters 
(1908), studying Paramecium; Stiles and .Jorgenson (1915) and 
S. C. Brooks (1917), the tissues of higher plants; Medes and 
McClendon (1920), Elodea; Gray (1920, 1921), trout eggs: 
Osterhout (1922), Laminaria; Sheare»' (1919, 1920), Green and 
Larson (1922), .Johnson and Green (1924), MacDougall and 
Green (1924), Brooks (1925) and Zoond (1927), bacterial cells. 
There is considerable question as to the interpretation of much 
of this work and as Brooks, Green and Larson and others have 
emphasized increased conductivity may be merely due to exos¬ 
mosis of electrolytes. Be this as it may it appears that monova¬ 
lent cations generally cause an increase followed by an irreversible 
fall. Osterhout and Shearer believe that the dead cell has no 
resistance but Green and Larson and Zoond report only a very 
moderate decrease. 

d. Finally, a large group of recent workers have studied the 
effect of electrolytes upon the passage of various anions and 
cations into and out of erythrocytes. Among the more important 
of the studies of this type are those of Gurber (1895), Hamburger 
(1916), De Boer (1917), Van Slyke and Cullen (1917), Fridericia 
(1920), Doisy and Eaton (1921), Mukai (1921), Wiechmann 
(1921), Mellanby and Wood (1923), Ashby (1924) and Coulter 
(1924). In general these observers find that H, Cl and CO 2 
migrate very readily back and forth between corpuscles and 
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serum while Na and K according to most investigators (but not 
Mellanby and Wood and Ashby), fail to do so. 

The present study involves phenomena related in a measure 
to the last iwo types of investigation re\ iewed above. It deals 
however with specific chemical products of diffusion and not with 
change in conductivity and with bacterial cells and not erythro¬ 
cytes. We have sought to detemnine the effect of electrolytes 
upon the nature and amount of the products which diffuse 
outward from the bacterial cell into a surrounding menstruum 
in which the organisms are either barely surviving or slowly 
d 5 dng out but without active growth processes on the one hand 
or the action of powerfully toxic agents on the other. It was 
thought that a study of this type would perhaps throw’ light 
upon the (juestion of the influence of electrolytes upon normal 
metabolism and the behavior of the cell membrane in normal 
metabolism as distinct from their effect upon enzyme action as 
manifest in such processes as fermentation or ammonification. 

In a previous communication from this laboratory (Shaugh- 
nessy and Falk, 1924) it was shown that the cells of Bad. coli 
exert a marked buffering effect when suspended in distilled water, 
an effect which rises to a maximum in the range favorable to 
viability (pll C.O to (i.9) and which gradually falls off with 
increasing acidity or alkalinity. Neutral salts (C'a .and Na) 
greatly decrease this buffer action particularly on the alkaline 
side, although in highly toxic concentration of calcium there is a 
secondary increase in buffer, probably due to lysis and liberation 
of buffer substances from the ruptured cell. 

This power of the cell to regulate the hydrogen-ion concentra¬ 
tion of a surrounding menstruum is one of its most fundamental 
biological properties. This power is in part exerted by the bind¬ 
ing of positive or negative ions by the cell as a whole. It is in 
part, however, due to changes produced in the adjacent, menstruum 
by the bacterial cells through the discharge of substances into that 
menstruum. Such a process was demonstrated by Winslow and 
Falk (1923) who showed that in alkaline solution the bacteria 
liberate acidic substances which create a zone of lower alkalinity 
in their immediate vicinity. 
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In the earlier work a buffering power conducted in this labora¬ 
tory no distinction could be made between these processes since 
the influence of the cells upon the menstruum was determined in 
the presence of the cells which exerted it. The purpose of the 
present study was to discover the nature of the changes produced 
in the surrounding medium by analysis of the menstruum after 
the cells themselves had been removed by centrifuging. 

GENERAL TECHNIQUE EMPLOYED IN OUR EXPERIMENTS 

Two types of bacteria were used for the present study, one a 
strain of Bact. coli and the other a strain of B. cereus. Both have 
been extensively used in previous investigations made in this 
laboratory and they have been found to differ from each other in 
one highly important respect. The Bact. coli survives in practi¬ 
cally undiminished numbers in distilled water or dilute salt 
solutions throughout a moderate pH range while the B. cereus 
dies out very rapidly in any such menstruum (not containing 
organic protective substances) ninety per cent of the cells being 
non-viable after an hour. We were thus able to compare the 
reactions of living and dead cells as exemplified by these two 
types. 

The Bact. coli was cultivated before each test for twenty-two 
to twenty-four hours at 37°C. on nutrient agar in Kolle flasks; 
the B. cereus on the other hand was cultivated for fourteen to 
sixteen hours at 22 ° to 24°C. (a condition which previous studies 
had shown would ensure freedom from spores). The organisms 
were then washed off in distilled water, filtered through cotton 
to remove any trace of agar, centrifugalized twice at high speed 
from water and finally resuspended in water. The final suspen¬ 
sions were examined microscopically to make sure of cultural 
purity and to prove that there were no spores. The concentra¬ 
tion of the suspension was then standardized against turbidity 
standards made from BaCb and H 2 SO 4 in varying proportions. 

The water was freshly distilled from a Bamstead still and 
gave no test for ammonia with Nessler’s reagent. It rapidly 
reached an equilibrium with the CO 2 of the atmosphere so that 
its acidity was consistently at pH 5.7 to 5.8. The NaCl was 
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Baker’s Analyzed and the CaCl 2 was the same brand, recrystal¬ 
lized from water to rid it of MgS 04 . These chemicals were then 
dried in an electric oven at 105°C. and kept in a desiccator until 
weighed. 

The HCl solutions used for titration and for adjusting the pH 
of the solutions was standardized by the potentiometric method, 
using the apparatus described by Bhaughnessy and Falk (1924). 
The NaOH solution used for the titrations was standardized 
against the IICl solution daily. 

All glassware used in these experiments was of Psrex brand, 
neutralized and cleaned each time by immersion in sulphuric 
acid-potassium dichromate solution over night and by subsequent 
rinsing with running hot tap water with final rinsing in distilled 
water. Tt was then thoroughly dried in an electric oven at 105°C. 
for three to four hours. 

EFFECT OF DIFFUSION PRODUCTS UPON THE REACTION OF THE 

MENSTRUUM 

In the conduct of a typical experiment, 1 cc. of a heavy sus¬ 
pension of the organism was added to each of a series of 150 cc. 
Erlenmeyer flasks, containing exactly 50 cc. of the test solution, 
which had already been adjusted in bulk to the desired pH with 
HCl or NaOH,—giving a final concentration of about 500 milUon 
cells per cubic centimeter. For each flask of suspension there 
was also a control flask containing 50 cc. of the test solution of 
the same pH plus 1 cc. of distilled water. The flasks were very 
lightly plugged with cotton to prevent the type of autolysis that 
Jaumain (1922) has observed to occur in tightly plugged tubes 
and were kept in the incubator at 37°C. for the specified lengths 
of time. The control flasks were kept under the same conditions 
as the respective suspensions but were not centrifugalized. The 
zero time period in the charts and tables corresponds to analyses 
made from flasks centrifugaUzed immediately after seeding. 

After the organisms were strongly sedimented in the centri¬ 
fuge, the supernatant fluid was carefully poured off, without 
disturbing the sediment, into Erlenmeyer flasks of the same size 
as those containing the control. A measured amount of one of 
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Clark and Lubs’ series of indicators was added to the test and 
control fluids, respectively, the pH of each recorded and the pH of 
the test fluid adjusted to that of the control with n/1000 HCl 
or NaOH as the case might be. In our charts and tables we have 
given the figures in terms of titratable acid or alkali necessary to 
cause this change because it was not always possible to measure 
the pH of the test fluid with the same indicator that was used 
for the control and because pH values cannot be averaged easily 
because of their logarithmic nature. In some cases we have 
made note that the total acid or alkali neutralized and the pH 
changes fail to harmonize and have indicated our explanation of 
the phenomenon. 

The solutions studied included water and CaCh and NaCl 
solutions (in 0.0145, 0.145 and 1.45 m concentration) adjusted 
to pH values of 6.0, 7.0 and 8 . 0 . The periods of exposure studied 
were 0 , 5 , 1 , 2 , 4 and 24 hours. Each figure presented in the 
tables is the average of from two to seven different experiments, 
the exact number being given in the table in each case. 

In addition to the studies made with living Bad. coli and with 
B. cereus cells which had died from exposure to an aqueou.'< 
menstruiun we also made some observations on the boiled cells 
of both species and on Bad. coli cells killed by 15 minute exposure 
to a temperature of GO^C. which we found by plating to be the 
minimum time in which the organism could be killed at that 
temperature. The volume of the suspension was of course 
restored to its original value after heating. 

The results of our tests upon Bad. coli and B. cereus in their 
normal state and after heating are presented in tables 1 to 8 . 
The data are grouped in the tables according to the organism 
tested and the reaction of its original menstruum but it will 
perhaps be more instructive to discuss the results in a different 
order, taking up first all tests made with water as a menstruum 
and then considering the effect of electrolytes upon the funda¬ 
mental reactions involved. 

In figure 1 we have presented all the important data which 
illustrate the effects of the various organisms tested upon the 
titratable acidic and alkaline substances in water without the 
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presence of electrolytes. The three sets of curves show reactions 
in water primarily adjusted to pH values of 8.0, 7.0 and 6.0, 
respectively. The ordinates above the base lines represent the 



Fig. 1. The Effect of B. cerkus a.vd Bact. coli hfon the 
Titratable Acidity of Distilled Water 


amounts of acid necessary to restore the solutions to their original 
values (or to the value of a control not exposed to bacterial cells). 
Ordinates below the base line represent amounts of alkali necessary 
to regain the original pH value. 
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It will be noted from figure 1 that in alkaline and neutral 
solution the menstruum in which the bacterial cells have been 
suspended becomes during the first four hours more acid so that 

TABLE I 

Diffusion products of B, cereus in acid menstrua 
Alkaline substances formed. In terms of cubic centimeters O.OOl n HCl necessary 

to neutralize 50 cc. 


SOLUTION 


PBltlOD OF CONTACT 


NUMBNR 

OF 

BXPBRI* 

MKNT8 

0 hour 

i hour 

1 hour 

2 

hours 

. 

4 

hours 

24 

hours 

Distilled water. 

1.55 

2 71 

3.21 

3.65 

4 43 

11.78 

5 

0.0145 M NaCl. 

0 87 

1 77 

2.50 

3.08 

5.18 

18.09 

5 

0.145 M NaCl. 

0 70 

0.90 

1.22 

1.60 

2.12 

8 62 

5 

1.450 M NaCl. 

0 76 

1.19 

1.25 

1 34 

1 31 

1.36 1 

5 

0.0145 M CaCh. 

0 21 

0.23 

0 42 

0 65 

1.45 

3.77 

6 

0.145 M CaCh . 

0.13 

0 01* 

0 . 05 * 

0 . 08 * 

0 . 10 *j 

0.04 

4 

1 450 M CaCh. 

0.51 

0.39 

! 0.34 

0 00 

0.00 

0 13 * 

3 


All solutions started at pH 5.7 to 5.8 
* Acidic substance—neutralized with 0.001 N NaOH. 


TABLE 2 

Diffusion products of B. cereus in neutral menstrua 
Acidic substances formed. In terms of cubic centimeters 0.001 n NaOH necessary 

to neutralize 50 cc. 


SOLUTION 

PSRIOD OP CONTACT ! 

1 

NUMBSR 

OF 

BXP«RI> 

MINTS 

(} hour 

i hour 

1 hour 

2 

hours 

2 

hours 

24 

hours 

1 

Distilled water. 

0.38 

0.43 

0 37 

0.38 

0.44 

3 . 55 * 

6 

0 0145 M NaCl.1 

0 95 

1.20 

1.38 

1.76 

1.73 

4 . 97 *, 

4 

0.145 M NaCl. 

1.29 

2.24 

2.08 

2.24 

2.33 

1 . 14 * 

6 

1.450 M NaCl. 

0.82 

0.80 

0.65 

0.48 

0.66 

0.55 

5 

0.0145 M CaCU. 

0.84 

1.02 

0.96 

0.95 

0.71 

0 . 28 * 

3 

0.145 M CaCh. 

0.72 

0.89 

1.00 

0.96 

0.91 

0.32 

7 

1.450 M CaCh. 

1.09 

1.65 

1.52 

1.40 

2.03 

1.86 

3 


All solutions started at pH 6.8 to 7.0. 

* Alkaline substances—neutralized with 0.001 n HCl. 


it requires the addition of alkali to bring the solution back to 
the starting point. In the case of an initially alkaline solution 
exposed to Bact. coU the effect is particularly striking. A wholly 
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different effect is however manifest after periods longer than 4 
hqurs. At the twenty-four-hour period production of acid is 
overbalanced by a production of alkali, moderate in the case of 

TARij'; ;i 


Diffusion products of Bad. coli in add menstrua 
Alkaline substances formed. In terms of culiic centimeters 0 001 n HCl necessary 

to neutralize 50 cc. 



1 

PEHIOlJ OF CONTACr 


KUMUSll 

sOI.rTION 

-— 

-,-- 

— 

- , 

OK 


0 hour 

1 hour , 1 “ 

\ 


M«NT» 



1 hourti ; 

ho-iTN 

hours j 


Distilled water 

. 0 63 

0 70 0 72 

o 

0 93 

5 

0.0145 M NaCl ... 

. 0 49 

0 50 1 0 83 ’ 

0 78 

1.69 

4 

0 145 M Na(.n 

0 29 

0 28 I 0 48 : 

0 65 

1 86 

4 

1.450 M Na('l 

0 09 

0 02*; 0 00 ! 

0 00 

0 11* 

5 

0 0145 M (^aCIi, 

0 29 

0 34 1 0 32 1 

0 33 1 

0 74 

5 

0.145 M f^aClj 

0 40 

0 48 0 46 ! 

0 4.5 

0 82 

3 

1.450 M CaClj 

1 15 

1 14 ! 1 06 ! 

0 .54 i 

0 12 

3 


All solutions started at pTI 5 7 to 5.S. 

* Acidic substances—neutralized with 0 001 n NaOH. 


TATU.E 4 

Diffusion products of Bad. coli in neutral menstrua 
Acidic substances formed. In terms of cubic centimeters 0.001 n NaOH necessary 

to neutralize iiO cc. 


i 


PERIOD OF rOVTACT 


NCMBBH 

HOLl’TION 


— 


1 


OF 

j 

i 

0 hour 

1 hour 

hours 

I 4 i 

i hours 

24 1 

hours j 

MKNTB 

Distilled water ... 

0 49 

0 63 

0 46 

0 45 

0 24 

4 

0.0145 M NaCl | 

0 30 1 

0 36 1 

0 49 

0 57 

0 76 

5 

0,145 MNaCl 

0.53 

0 64 

0 63 

0 55 

0 24 

3 

1.450 m NaCl 

0 57 

0 58 

0 56 

0 58 

0 52 

3 

0.0145 MCaClj . . 

0 47 

0 55 

0 49 

0.56 

0 46 

3 

0.145 MCaClj 

0 55 

0 55 

0 46 

0 42 

0.11 

3 

1.450 MCaOIj . . 

1 12 

1.61 

1 39 

1 45 

0 43 

4 


All solutions started at pH 6.8 to 7.0. 


Bact. colt and much more marked in the case of B. cereus, the 
reaction in the latter case actually reaching a pH of 7.4. 

It may be noted that these studies in the alkaline medium 
were rendered very difficult by the continued absorption of 
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carbon dioxide from the atmosphere. Since our results represent 
differences between titratable acidity in menstrua containing 
bacterial diffusion products and in control solutions of the same 
initial reaction the results are, however, believed to be approxi¬ 
mately accurate. 


TABLE 5 

IHffvfiion products of Bad. coli in alkaline menstrua 
Acidic substances formed. In terms of cubic centimeters 0.001 n NaOH 


necessary to neutralize 50 cc. 



1 PKRIOD or CONTACT I 

NUMBBI 

SOLUTIOV 




BXPERI 


0 hour 

1 hour 

24 hours 

MBNTB 

Distilled water 

0.89 

1 09 1 

0 31 

5 

0 014r) M NaC'l 

1 27 

0.77 

0 15 

2 

0 145 M NaCl 

1 24 

1.32 

0 47 

2 

1 4.50 M NaCl . ... 

1 35 

1.30 

0.33 

2 

0 0145 M CaCl,. 

1 36 

1 18 

0.42 

3 

0 145 M CaCU . 

0.99 

0.90 

0 25 

2 

1 450 M CaCU . . . 

3.33 

2 86 

2 15 

2 


All solutions started at pH 8.0 to 8.1. 


TABLE 6 

Diffusion products of heat-killed cells of Bad. coli in neutral menstrua 
Acidic substances formed. In terms of cubic centimeters 0 001 n NaOH necessary 

to neutralize 50 cc. 


SOLUTION 

PERIOD OP CONTACT 

NUMBER 

OP 

BXPBRI- 

MBNTB 

0 hour 

1 hour 

4 hours 

24 hours 

Distilled water 

0 52 

0 46 

0.42 

0 26 

3 

0.0145 M NaCl . 

0.46 

0.42 

0.40 

0 47 

3 

1.450 m NaCl 

0 52 

0 59 

0.47 

0 58 

3 

1 450 M CaCb 

1 26 

1.43 

1.57 

0 61 

3 


All solutions started at pH 6.8 to 7.0. 


In the acid solutions the cells of both species cause an immediate 
and marked production of alkaline substances and this produc¬ 
tion of alkaline substances continues during the whole period of 
the experiment, slowly in the case of Bacl. coli and very rapidly 
in the case of B. cereus. 

Heat-killed and even boiled cells of Bact. coli (omitted from 
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the chart; see tables 6 and 7) exert just the same effect as do 
the living cells but the effect of boiling upon B. cereus is to in¬ 
crease the initial production of acidic substances and to check 
altogether the later reversion to a strongly alkaline reaction. 

While preferential absorption of ions may of course play some 
part in these phenomena, it is clear that we must be dealing 


TABIJO 7 

Diffusion product.^ of cells of Had. coU^ hoiled for thirty minutes^ in 
ne u tral inenstr ua 

Acidic substances formed In terms of cubic centimeters 0.001 n XaOH necessary 

to neutralize 50 cc. 



1 

PKHIOD OK CONTA( T 

NUMBE 

MOI I TION 



____ 

OF 


(1 hour 

1 1 hour 1 4 hours 

[ 24 hours 

MENTfl 

Distilled water 

0 59 

0 43 1 0 72 

1 0 20 

3 

0 0145 M NaCl 

0 57 

0 38 ' 0 61 1 

1 0 52 

3 

1 4.50 M NaCl 

1 0 82 

0 72 ! 1 00 

0 40 

3 

1 450 M CaCb 1 

3 54 

2 00 1 3 51 

3.33 

3 


All solutions started at pH 6 8 to 7.0. 


TABLE 8 

Diffusion products of cells of B. cereus, boiled for thirty minutes, in neutral menstrua 
Acidic substances formed. In terms of cubic centimeters 0.001 n NaOH 
to neutralize 50 cc 




PERIOlJ OF CO.NTALT 

NUMBER 

OP 

HOLL1ION 






0 hour 

1 hour 

4 hours 

24 hours 

EXPBRI- 

MENJE 

Distilled water 

0 96 

0 76 

0 96 

1 07 

2 

0 0145 M NaCl 

1 03 

1 37 

1 54 

0 74 

2 

1 450 M NaCl 

1 80 

1 32 

1.58 

1.49 

2 

1 450 M CaCl,. ,. . 

3 82 

3 83 

2 75 

3 32 

i 2 


All solutions started at pH 6.8 to 7.0 


chiefly with the actual elimination into the menstruum by the 
cell of acidic and basic substances respectively.** It appears that 
the first tendency is toward a liberation of acid substances in a 

* It has been shown in earlier w'ork from this laboratory (Shaughnessy and 
Falk, 1924) that the alternative explanation (fixation of basic or acid substances, 
cannot be in all cases invoked. 
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neutral or alkaline solution and of basic substances in an acid 
solution, a process tending to regulate the reaction of the men¬ 
struum to the point which we know to be opthnum for the life 
of bacterial cells,—the process described by Winslow and Falk 
(1923). There seems a close parallelism here between our results 
and those obtained by Coulter (1924) with red blood cells (an 
increase in acidity followed by an increase in alkalinity), although 
his explanation of the phenomenon is different from ours. The 
second process (alkali production), unhke the first, is checked by 
boiling. 

NATURE OF THE DIFFUSION PRODUCTS WHICH CONTROL THE 
REACTION OF THE MENSTRUUM 

At this point it is worth while to consider the nature of the 
diffusion products which lead to the changes in reaction which 
have been discussed. We should naturally expect that carbon 
dioxide and diffusion of hydrogen .alone or in combination with 
inorganic anions, on the one hand and ammonia on the other 
hand, would play a part in the changes toward an acid and an 
alkaline reaction respectively. 

a. Hydrogen. The first possible source of acidity would appear 
to be hydrogen, diffusing out from the cell in combination with 
basic ions. As an indirect measure of this type of reaction we 
estimated the chlorides and phosphates contributed to the 
menstruum by the bacterial cells. 

Chlorides were measured by the micro method of Van Slyke 
(1923) modified so that we used 50 cc. of test fluid and made our 
determinations with 0.005 n AgNOs and 0.005 N KCNS in place 
of the stronger concentrations. The sulfocyanate was checked 
daily against the silver nitrate and a correction factor made. 

The results are presented in tables 9 and 10. It will be noted 
that in distilled water the diffusion of chlorides is highly variable 
and never great in amount; but that it is perhaps most marked 
in an acid menstruum. 

Phosphates were measured by the method, credited to Benedict, 
described in Meyers’ (1924) monograph on blood analysis. It 
consists in clarification of the test fluid with trichloracetic acid, 
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heating with hydroquinone-bisulfite and molybdic acid reagents 
and comparison of the cooled solution with a standard phosphate. 
We modified the procedure so that we could use 25 cc. of the 
supernatam, fluid and control (and still get a good color for 
comparison) by substituting a phosphate standard made so that 
1 cc. = 0.01 mgm. of phosphate. We used 0.0, 0.1, 0.3, 0.5, 0.7, 
etc., up to 2.5 cc. of this standard diluted to 25 cc. as stand- 


TABLE « 

Diffusion products of B. cereus 

Chlorides. Expressed as cc. 0.005 n AgNOa to react with 50 cc. 




PKRIOD OF CONTACT 


NUMBSR 

«OLCTl ON 



— 


SXPBRI"' 


0 hour 

1 hour j 

4 hours 

24 hours 

liSNTB 

Distilled water (pll 5 7).... 

0 066 

0 049 1 

0 075 

0 013 

3 

Distilled water (pll 7.0). ... .. .* 

0 110 

0 129 

0 139 

0.018 

3 

0.0145 M NaCl (pH 7.0) 

0 351 

0 333 

0 179 

0 342 

1 

3 


TABLi: 10 

Diffusion products of Bact. coli 

Chlorides. Expressed as culiic centimeters 0.005 n AgXOa to react with 50 cc. 


HOLDTION 

PERIOD OF CONTACT 

NUUBBR 

OF 

EXPBRI- 
Id ENTS 

0 hour 

1 hour 

4 hours 

24 hours 

Distilled water (pH 5.7) . 

0 013 

0 064 

0 052 

0 074 

3 

Distilled water (pH 7.0). 

0 007 

0 012 

0 005 

0.002 ! 

3 

0.0145 M NaCl ipH 7.0). 

0.182 

0.320 

0 263 

0 322 

3 


Cells killed by heating at 60"C. for fifteen minutes 
Distilled water (pH 5.7).] 0 039 | 0 069 | 0 079 | 0 074 


ards in Nessler tubes. Fresh standards were made up daily 
and, as each group of test fluids at any time period was heated, 
one new standard was also made to check the equivalent standard 
in the set already made. By this method we were able to deter¬ 
mine 0.001 mgm. of phosphate readily. 

The results for distilled water (see tables 11, 12 and 13) show 
as in the case of chlorides an almost insignificant increase in 
basic ions. It would seem from these data that in the absence 
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of added electrolytes the changes in the menstruum effected by 
the bacterial cell in the direction of acidity are not in large 


TABLE 11 

Diffusion products of B. cereus 
Phosphates. Milligrams per 25 cc. 


SOLUTION 

PER10I> OK CONTACT 

NUMilBR 

or 

KXPBRl' 

MBNTS 

0 liour 

1 hour 

4 hours 

24 hours 

Distilled water (pH 5 7) 

0 001 

0 002 

0 004 

0 007 

3 

Distilled water (pH 7 0) 

0 001 

0.003 

0 006 

0.010 

3 

0 0145 M NaCl (pll 7 0) 

0 002 

0 003 

0 016 

0 019 

3 

1 450 M NaCl (pH 7 0) 

0 001 

0 004 

0 009 

0 on 

3 


TABLE 12 

Diffusion products of Bact col\ 


Phosphates- Milligrams per 25 cc. 


SOLUTION 

PEUIOD OK CONTACT 

NUMBER 

or 

EXPERI¬ 

MENTS 

0 hour 

1 hour 

4 hours 

24 hours 

Distilled water (pH 5 7). 

0 001 

0 001 

0 001 

0 003 

3 

Distilled water (pH 7 0) 

0 001 

0 002 

0 002 

0 002 

6 

0 0143 M NaCl (pH 7 0) 

1 0 003 

0 002 

i 0 003 

0 008 

4 

1 450 u NaCl (pH 7 0) 

; 0 001 

0 001 

0 002 

0 005 

3 

0 0146 M CaClj (pH 7 0) 

0 000 

0 002 

0 002 

0 001 

3 


TABLE 13 

Diffusion products of cells of Bact. coliy boiled for thirty minutes, in neutral menstrua 
Phosphates. Milligrams per 25 cc. 


i 

SOLUTION 

PERIOD OK CONTAt'T 

NUMBER 

OK 

EXPERI¬ 

MENTS 

0 hour 

1 hour 

4 hours 

24 hours 

Distilled water . . 

0.001 

0 002 

0 003 

0 003 

2 

0.0145 M NaCl 

0 002 

0 003 

0 004 

0 006 

3 

1 450 M NaCl . . . 

0.001 

0.002 

0 002 

0 000 

3 


All solutions started at pH 6 8 to 7.0. 


measure due to diffusion of hydrogen in combination with basic 
ions. Chlorides and phosphates were selected for this study 
because they are the only anions present in appreciable amount 
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which would be likely to carry hydrogen out from the cell. 
Guillemin and Larson (1922) have shown that the SO< ion is 
present in bacterial cells in negligible amount. 

It appears from these results that the processes of diffusion 
and the regulative action upon the menstruum must be quite 
different in bacteria and in red blood cells,—as one might natu¬ 
rally expect would be the case. Giirber (1895), Hamburger 
(1916), IleBoer (1917), Van Slyke and Cullen (1917), Fridericia 
(1920), Doisy and Eaton (1921), Wiechmann (1921), Mukai 
(1921) and Mellanby and Wood (1923) and Coulter (1924) all 
maintain that chlorin passes in some form rather readily into 
and out of the erythrocyte. Osterhout (1922) and Irwin (1923a) 
on the other hand find that Nitella cells are not easily penetrated 
by chlorides which certainly seems to be the case with the bacteria. 

b. Carbon dioxide. The study of carbon dioxide as a factor in 
regulating the reaction of a solution is surrounded by very great 
difficulties on account of the constant adjustment which takes 
place between the concentration of this substance in solution and 
in the adjacent atmosphere. Furthermore, the course of this 
process is also materially influenced by the presence of electro¬ 
lytes in the solution itself, a fact which probably accounts for 
some of the phenomena observed by Winslow and Falk. The 
three solutions which best illustrate the effect of buffer upon 
viability are water, 0.145 m NaC'l and 0.145 m CaGb. We fed 
that if these three solutions be adjusted to pH 8.0 and allowed 
to stand, without bacterial cells present, for one hour their reac¬ 
tions will change respectively to 7.3, 7.3 and 7.8 under the direct 
influence of atmospheric CO 2 alone. 

For these reasons we decided that it would be useless to attempt 
any direct quantitative measurements of carbon dioxide and 
resorted instead to the indirect process of removing the carbon 
dioxide present by blowing carbon-dioxide free air through the 
medium and then determining the pH at equilibrium in the 
carbon-dioxide-free solution, an equilibrium presumably deter¬ 
mined by mineral acids. This process would of course remove 
other acids than carbon dioxide if they were of a volatile or 
readily oxidizable nature. The extensive oxidation of any acids 
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present in a period as short as one hour is exceedingly improbable. 
The introduction of volatile bases was prevented by drawing the 
incoming air through concentrated sulphuric acid. Our complete 
equipment consisted of a train of four wash bottles containing 
respectively soda lime, concentrated NaOH, concentrated II2SO4 
and distilled water, through which we bubbled compressed air 
before it was admitted to the test solution. 

Another factor came to the surface as soon as we attempted to 
measure the change in acidity of the solutions. We found that 
our test and control solutions not only returned to the control 
pH (neutrality) but became alkaline. The reason for this was 
not long in disclosing itself. Our distilled water before adjust¬ 
ment was at pH 5.8 due to equilibrium with the atmospheric 
CO 2 (a fact noted by Loeb, 1922, as well as by many others) and, 
when we brought it to neutrality, we had created a solution 
containing NaHCOs and perhaps Na 2 (T) 3 . At any rate, when 
we blew off CO 2 , the NaOH was again liberated and made the 
solution alkaline. It was possible, however, to compare the 
solutions in regard to the final pH reached. 

By this method we found that water, 0.0145 m NaC'l and 1.450 
M NaCl which had been in contact with either Bact. coli or B. 
cereus came to the same pH equilibrium point (measured colori- 
metrically) that the controls did. 1.450 m CaCh alone became 
less alkaline by 0.1 to 0.2 pH units than its control. We shall 
return to this last phenomenon later. 

The net result of this part of our study was to indicate that the 
acidity produced in a surrounding menstruum by the bacterial 
cell is only in small measure due to the diffusion of hydrogen 
ions, alone or in combination with mineral anions, but is chiefly 
due to volatile acidic compounds of which carbon dioxide is 
undoubtedly the chief representative. 

c. Ammonia. In considering the source of alkaline changes 
in the menstruum studied the first logical point of attack would 
seem to be ammonia. Coulter (1924) believed that such a 
change in his experiments was caused by ammonia production 
while Brooks (1923b) believed it to be due to diffusion of basic 
ions; neither had succeeded in demonstrating either fact. 
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It was apparent that it was useless as well as impossible in the 
time available to measure the production of anunonia in all the 
solutions stui’ied. For that reason we selected for this and for all 


TABLE 14 

Dijffusion products of B. ccreus 
Ammonia nitrogen- Milligrams per 50 cc. 


HOLUTION 

1 

PERIOD OK CONTACT 


NUMBBB 

OF 

EXPERI¬ 

MENTS 

0 hour j 

1 hour 1 4 hours 

24 hours 

Distilled water (pH .I 7) .... 

1 0 006 

0 f)09 I 0 011 

0.070 

3 

Distilled water (pH 7 0). .... 

0.008 

0 009 j 0 018 

0 090 

3 

0 0145 M NaCl (pH 7.0). 

! 0 009 

0 014 1 0 035 

0 150 

3 

1.450 M NaCl (pH 7.0) . 

0.000 

0 000 ' 0 000 j 

0 000 

3 


TABLE 15 

Diffusion products of Bact. coli 
Ammonia nitrogen. Milligrams per 50 cc. 


SOLUTION ; 

0 hour 

PERIOD 0 

1 hour 1 

K CONTAC1 

4 hours 

24 hours 

NUMBER 

or 

EXPERI¬ 

MENTS 

Distilled water (pH 5 7) 

0 004 j 

0 006 

0 009 

0.019 

3 

Distilled water fpll 7 0) 

0 005 

0 006 

0 008 

0 020 

3 

0 0145 m Nad (pll 7 0) 

0 007 

0 008 j 

0.011 

0 034 

3 

1.450^m NaC’l (pil 7 0).| 

0 000 

0 000 

0 000 

0 000 

3 


TABLE 16 

Diffusion products of cells of Bact. coli, boiled for thirty minutes, in neutral menstrua 
Ammonia nitrogen. Milligrams per 50 cc. 


SOLUTION 

0 hour 

PERIOD O] 

1 hour 

r CONTACT 

4 hours 

24 hours 

NUMBER 

or 

experi¬ 

ments 

Distilled water. 

1 0 002 

0.002 

0.002 

0.002 

3 

0.0145 M NaCl. 

0.003 

0.003 

0.004 

0.012 

3 

1.450 M NaCl. 

0.000 

0.000 

0 000 

0.000 

2 


All solutions started at pH 6.8 to 7.0. 


of our later work the two salts which showed the greatest changes, 
i.e., 0.0145 M NaCl and 1.450 m NaCl, at neutrality and water at 
acid and neutral reaction. It was found that the CaClj solutions 
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precipitated with the Nessler reagent so it was necessary to use 
1.450 M NaCl instead of the same strength of CaCU. 

The measurement of ammonia production was made by the 
method of direct Nesslerization given in Standard Methods of 
Water Analysis of the American PubUc Health Association, 
1923, page 16, except that preliminary clarification was found to 
be unnecessary. The results are expressed in terms of milligrams 
X 10~’ of ammonia nitrogen for each 50 cc. of solution. 

The results of these determinations are presented in tables 
14 to 16. They indicate a very considerable production of 
ammonia when the living cells of either Bact. coli or B. cereus 
had been present. The smallest quantity recorded (0.004 mgm.) 
is equal to approximately n/200,000 solution of NH^OH. The 
boiled cells of Bact. coli show a very marked inhibition of this 
ammonia formation. 

It is also highly significant to note that the output of ammonia 
is about the same in acid and in neutral solution. The very 
different effect upon net reaction in these solutions must, then, 
be due to a balance between the production of ammonia and of 
carbon dioxide. 

So far as B. cereus is concerned, it is clear that the production 
of ammonia must be duQ to the action of autolytic enzymes 
rather than to normal metabolism since the cells are killed by 
the conditions of the experiments. The important part played 
by NHj and COs in the phenomena studied is in harmony with 
the findings of almost all those who have observed similar phe¬ 
nomena in either plant or animal cells. Rous (1925) has shown 
that, as one would expect, the tissue cells of mammals show the 
greatest readiness in the giving up and taking in of CO 2 . Red 
blood cells of course exhibit the same phenomena in high degree. 
Brooks (1923a), working with Valonia cells demonstrated the 
ready passage of NHs and COj. Harvey (1911, 1913, 1914) 
showed that ammonia readily diffused into the cells of Elodea, 
Spirogyra and Paramoecium and McCutcheon and Lucke (1924) 
and Irwin (1925) have confirmed the penetration of NH* into 
starfish eggs, Gonionemus and Nitella cells. 
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EFFECT OP HEAT KILLING UPON DIFFUSION FROM THE 
BACTERIAL CELL 

While the lells of B. cereus (which die under the conditions of 
these experiments) are much more permeable than those of 
Bact. coli which survive, the diffusion of acidic substances from 
the bacterial cell appears to go on at about the same rate from 
the heat killed and boiled cells as from the living cells of Bact. coli 
(compare tables (> and 7 with table 4 and table 8 with table 2). 
This seems at first somewhat surprising but Osterhout (1922) 
records results which demonstrate that production of CO 2 may 
continue or even increase after death. This process might be 
due to decarboxylization but seems to be very rapid for such a 
mechanism. The diffusion of chlorides is also uninfluenced by 
heating (see table 10). 

The production of ammonia is on the contrary almost abolished 
by heating as shown by a comparison of table 10 with table 15 
and the same phenomenon is apparent in the abolition of the 
reversion after twenty-four hours to an alkaline condition, for 
B. cereus in the last column of table 8 as compared with the last 
column of table 2. Evidently the liberation of ammonia is 
intimately related to a process which is absent in the heat killed 
cell but not in the cell of B. cereus which has died from expos¬ 
ure to an a(|ueous menstruum. Apparently the enzymes which 
cause liberation of ammonia operate after the natural death of 
B. cereus cells in acjueous menstrua but are destroyed by heat. 

It will be recalled that Shearer (1919,1920) found the electrical 
resistance of meningococci killed by exposure to unfavorable 
menstrua was abolished by death while Green and Larson (1922) 
and Zoond (1927) found only a slight decrease in heat killed 
cells of other bacterial species. W'inslow and Willcomb (1905) 
found that, while heat-killed bacterial cells remain stainable, 
cells which die normally in an unfavorable menstruum lose their 
staining properties almost at once. It is clear that “death” 
may be accompanied by widely different types of physical change 
in the cell membrane under different conditions. It seems prob¬ 
able that when bacteria die in a slightly unfavorable menstruum 
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their permeability is likely to increase while heat killing produces 
no such effect. On the other hand, ammonia production shows 
a precisely opposite effect, proceeding normally in the cells of 
B. ceretis which have died normally in an unfavorable menstruum 
but ceasing in heat-killed cells. 

THE INFLXJENCE OP ELECTROLYTES UPON THE DIFFUSION PRODUCTS 
OF THE BACTERIAL CELL 

The data so far discussed indicate that the bacterial cell in 
aqueous suspension first regulates the reaction of the surrounding 
menstruum toward an optimum point by the diffusion into the 
menstruum of ammonia and of carbon dioxide and other volatile 
acids, balanced according to the original reaction of the solution. 
Thereafter, there occurs a liberation of an excess of ammonia, 
causing a progressive swing toward alkalinity which is very 
marked in the case of B. cereus (an organism which dies out 
rapidly during the course of the experiment). 

Our next problem concerned the influence of other electrolytes 
(Na and Ca) upon the course of these fundamental reactions. 

Taking first the primary production of acidic substances in 
initially neutral or alkaline solutions we note that in the case of 
Boot, coli (tables 4, 5, 6 and 7) no important influence is exerted 
by any of the salts studied except the strong CaCh (1.450 m). 
The latter solution causes a sharp increase in titratable acidity 
which, however, becomes less marked with the passage of time. 
We are inclined to attribute this increase in titratable acidity to 
the liberation of protein buffers by lysis of the cells, particularly 
as the pH does not show any corresponding increase. This 
conclusion has been confirmed by tests for protein by biuret and 
Millon tests which show protein to be present in the strong 
calcium solutions but not in any of the others. The later decrease 
in titratable acidity in these calcium solutions may perhaps be 
attributed to the accumulation of non-reactive surface films on 
the protein micellae due to contact with the solution or to later 
absorption of the oppositely charged ions. 

Turning now to the production of alkaline substances we note 
that both B. cerem (table 1) and Bact. coli (table 3) in acid solu- 
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tions show the same general phenomena. With B. cereus (table 1 
and fig. 2) the dilute NaCl (0.0145 m) increases the amoimt of 
alkaline subptances, diffused while all the other salts decrease it 


OC.0.001 N HCI 



Fig. 2. The Effect op B. cereus upon the Titbatable Acidity op 
Acid Solutions 


in approximate proportion to their concentration, the order of 
effectiveness being 0.145 m Na, 0.0145 m Ca, 1.45 m Na, 0.145 m 
Ca and 1.45 Ca. 

With Bact. coli (table 3 and fig. 3) the same general phenomena 
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appear, although both 0.145 m Na and 0.0145 Na increase diffused 
alkali and 0.145 Ca shows a slightly less decrease than does 0.0145 
Ca. With both organisms the strong Ca solution differs from 
all others in showing an initial excess of alkalinity followed by a 
decrease, probably due to the phenomenon described above,—lysis 
of cells with liberation of buffer, followed by formation of surface 
films. The effect is more marked with Bact. colt than with 
B. cereus possibly because the cell wall of the latter organism is 
so much more permeable that it is less readily ruptured. 



Fig. 3. The Effect of Bact. coli upon the Titratable Acidity 
OF Acid Solutions 


The cells of B. ceretis in neutral solution (table 2 and figure 4) 
show a somewhat more complex relationship but one that is 
easily explained on relatively simple assumptions. The aqueous 
solution and the solution of 0.0145 Ca, 0.145 Ca and 1.450 m Na 
show a progressive production of alkaline substances; most 
marked in the water and decreasing with the stronger salts. 
The 1.450 m Ca solution shows the usual initial increase in titra¬ 
table acidity due to protein buffers. The weak Na solutions on 
the other hand exhibit a reverse curve corresponding to an 



DIFFUSION PRODUCTS OF BACTERIAL CELLS 


91 


initial increase in liberation of acidic substances during the 
first four hours followed by a greatly increased liberation of 
alkali during the subsequent period. We interpret this as due 
to the fact that dilute sodium salts increase the permeability of 
the cell wall,—both to the acidic substances first set free and to 



Fig. 4. The Effect of B. cereus upon the Titratable Acidity 
OF Neutral Solutions 


the ammonia which is diffused during the later stages of the 
process. 

The influence of electrol 5 des upon the production and diffusion 
of alkaline substances is further illustrated by the data for 
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ammonia, presented in tables 14,15 and 16 and in figure 5. The 
weak Na solution (0.0145 m) increases the diffusion of ammonia 
and the strong solution (1.450 m) practically abolishes it. The 
latter result may be due to diminished permeability of the cell 



Fig. 5. The Effect of Bact. coli upon the Am&ionia Content 
OF Menstrua 

wall or to diminished production of ammonia within the cell 
due to inhibition of enzyme action. Lipman (1909) has reported 
that production of ammonia from peptone is markedly decreased 
by strong NaCl. 

vSo far as chlorides are concerned tables 9 and 10 n- en-in illustrate 
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the fact that a weak Na solution (0.0145 m) greatly increases the 
permeability of the cell wall of both Bact. coli and B. cereus as 
evidenced by the marked increase of chlorides present in the 
menstruum. It was not possible to test the effect of high concen¬ 
trations of salts in the menstruum because the large initial 
addition of chlorides which such an experiment involves would 
mask any changes due to the bacterial cells. 

It is of special interest to note that cells killed at 60°C. for 
fifteen minutes (table 10) did not show any greater diffusion of 
chlorides than did the normal cells, a fact opposed to the usual 
view that rapid exosmosis occurs upon cell death. The data 
for phosphates presented in tables 11, 12 and 13 show again that 
dilute NaCl (0.0145 m) increases diffusion. 

The heat-killing or boiling of the cells produces no effect in the 
salt solutions different from that exerted in water,—with one 
single exception. In general, ammonia production is checked 
and carbon dioxide production unaffected in salt solutions 
exposed to heat killed cells as compared with those exposed to 
normal cells. The strong CaCb (1.450 m) however in the case 
of boiled cells (table 7),—but not on the case of cells killed at 
60° (table 6), shows a marked excess of acid production in com¬ 
parison wdth living cells (table 4). We are inclined to attribute 
this to hydrolysis of the proteins liberated by lysis under the 
action of the strong calcium solution. 

The general results obtained in regard to the influence of 
electrolytes upon the processes studied are in fall accord with 
the findings of earlier observers. Thus, the fact that dilute 
solutions of electrolytes increase, while stronger solutions hinder, 
diffusion was demonstrated by Endler (1912) for green algae, 
while S. C. Brooks (1916, 1917) with dandelion tissue. Shearer 
(1919, 1920) with bacteria, Osterhout (1922) with Laminaria and 
Winslow and Falk (1923) with bacteria all report that Na tends 
to increase and Ca to decrease permeability. Shearer and 
Osterhout record a subsequent increase in permeability due to 
prolonged effect of the bivalent ion which may, as we suggest, be 
explained by actual rupture of the cell wall. 
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SUMMARY AND CONCLUSIONS 

1. The earlier work of Shaughnessy and Falk (1924) has shown 
that cells of Bad. coli in the zone of physiological interest possess 
appreciable capacity to resist changes in reaction in such a 
manner as to avoid injury to the cell. We now find that, in 
addition to whatever direct absorption of H or OH ions may take 
place, the cells exert a distinct influence upon the reaction of the 
menstruum which may be measured by direct chemical tests in 
this menstruum after the removal of the cells. This tjrpe of 
action involves the liberation of acidic substances in alkaline or 
neutral medium and of alkaline substamies in a more acid medium, 
the process being so balanced that the ultimate acidity approxi¬ 
mates the zone of hydrogen ion concentration (pH 6.2 to 6.41 
most favorable to viability (early results for distilled water in 
tables 1, 2, 3 and 4). This may be interpreted as an adaptive 
reaction, favorable to the life of the cell. 

2. On more prolonged exposure to a somewhat unfavorable 
aqueous menstruum the production of ammonia overbalances 
that of acidic substances and in the case of the cells of B. cereus, 
which die under the conditions of the experiment, the excess of 
alkali liberated may be very large. This reaction is undoubtedly 
characteristic of injury and interference with the normal life of 
the cell. 

3. The cells of both Baft, coli which survive and of B. cereus 
which die out in this menstruum appear to be relatively imperme¬ 
able to chlorine and phosphate ions and also to calcium ions. 
The results of two series of studies on calcium have not been 
cited above in detail but showed insignificant amounts of this 
ion in menstrua exposed either to Bad. coli or B. cereus. On the 
other hand the cell wall allows free passage of carbon dioxide and 
ammonia and it is to these substances that the effects upon the 
menstruum are chiefly to be attributed,^—the primary adaptive 
regulation being due to a balanced production of COj and NH» 
the later alkalinity to an excess of NH*. 

4. In general the cell wall of B. cereus is obviously much more 
permeable than that of Bad. coli, a phenomenon probably related 
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to the fact that this organism promptly succumbs in aqueous 
suspension while liact. coli survives in almost undiminished 
numbers. It seems more appropriate to assume that this organ¬ 
ism dies because it is highly permeable than that it becomes 
permeable because it dies, but in any case the type of cell death 
leaves NHs production unimpaired. On the other hand death 
of cells due to heating at 60° for fifteen minutes or boiling for 
thirty minutes does not increase the diffusion of the electrolytes 
studied; nor does it interfere with the liberation of carbon dioxide: 
while it amost wholly inhibits the production of ammonia. 

.5. a. Dilute solutions of sodium chloride (0.0145 m and gener¬ 
ally 0.145 m) tend to increase the permeability of the cell wall 
and to promote the diffusion of all the products studied,—am¬ 
monia and other alkaline substances (tables 1, 2, 3, 14, 15 and 
16), ciu'bon dioxide (tables 2, 4, (> and 7) chlorides (tables 9 and 
10) and phosphates (tables 11, 12 and 13) whether in the pres¬ 
ence of normal or heated cells. It is interesting to note that this 
increase in permeability occurs in a salt solution which we know 
to be highly favorable to the viability of Bacl. coli, indicating 
that increased permeability may be favorable rather than un¬ 
favorable to cell life. (In the case of COs it must always be 
remembered that increased liberation of the substance may be, 
in part or in whole, due to increiised production w'ithin the cell 
rather than to increased permeability.) 

b. A strong solution of NaC'l (1.450 m) and solutions of CaCl-j 
of moderate strength (0.0145 m and 0.145 m) on the other hand 
decrease the liberation of ammonia and other alkaline substances 
(tables 1, 2, 3, 14, 15 and 16); but increase the liberation of acidic 
substances (see first part of table 2 and tables 4, 5, 6, 7 and 8). 
It may well be that the latter phenomenon is really only the 
result of the former or, in other words that these salts merely 
check ammonia formation and leave carbon dioxide production 
and diffusion unaffected. Our tests with phosphates suggest 
that 1.450 M NaOl may slightly increase permeability (tables 11 
and 12). 

c. Finally the strong calcium solution (1.450 m) shows with 
Bacl. coli a sharp initial rise in titratable alkalinity (table 3) 
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and in titratable acidity (tables 4, 5, 6, 7, and 8) followed by a 
fall, which we interpret as due to a decrease in permeability 
leading to lysis and liberation of proteins followed by an acctunu- 
lation of non-reactive films on the protein micellae or to absorp¬ 
tion of the oppositely charged ions. An alternative explanation 
would be that strong CaCU causes a type of membrane coagula¬ 
tion which opens the cell wall to the free passage of substances to 
which it is impermeable. In any case it is highly significant that 
the highly permeable membrane of B. cereus gives no such reac¬ 
tions,—the strong calcium solution (1.450 m) showing here only 
the increase of acidic substances and the decrease in ammonia 
manifest in weaker solution, though in more marked degree 
(tables 1 and 2). 

6. Finally, we have been impressed throughout this and earlier 
work with the fact that the current assumption of an inherent 
antagonism between monovalent and bivalent ions may perhaps 
be an unnecessary one, at least so far as bacterial cells are 
concerned. 

Very dilute sodium salts behave in one way and very strong 
calcium salts in another; and at a given molar concentration 
different effects and sometimes opposite effects may be manifest; 
but intermediate strengths of both salts may exert an essentially 
similar influence. May it not be possible to explain the observed 
phenomena on the assumption that dilute solutions of either Ca 
or Na tend to increase permeability and that strong solutions of 
either salt tend to increase it, the concentrations of NaCl to 
produce a given effect being of course much higher than the 
corresponding concentrations of CaCh? Such an assumption 
would be in accord with the work of Endler (1912) on the influ¬ 
ence of salts upon the absorption and diffusion of dyes and with 
the work of many other observers. 

In order to test this hypothesis we have employed the empirical 
test devised by Mines (1912) which indicates, as he believes, 
whether a suspended substance is in an emulsoid or in a suspen- 
soid state. Heavy suspensions of Bact. coli were prepared in 
water and in various salt solutions and stored for one-half hour 
at 37°C. Varying amounts (best 3 drops) of cobalt-hexamin- 
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chloride (luteo-cobalt chloride) and of 0.1 m aluminum chloride 
were then added to the suspensions and they were again stored 
for twenty hour?, at which time the amount of agglutination was 
determined macroscopically. According to Mines (1912) and 
Oliver and Barnard Q925) absence of precipitation in the cobalt 
solution and strong precipitation in the aluminum solution indi¬ 
cates the presence of emulsoids while strong agglutination in 
both solutions indicates the presence of suspensoids. Our tests 
indicated that in the presence of 0.0145 m, and 0.000145 m CaCU 
the bacterial substances behaved as emulsoids, while in water 
and strong salt solutions (1.450 m NaCl and 0.00145-1.450 m 
CaC'U) they reacted as suspensoids. 

If such an explanation should prove to be justified a substantial 
simplification of our conception of salt action should result. 
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Carbon dioxide was known to the ancients. Its presence was 
perceived by Plenius near volcanoes and mineral springs, and it 
was called by him “spiritus letales. ” It was observed later by 
others, who confused it with “air. ” John Baptista Van Helmont 
(1577-1644), introducing the word “gas,” called it “gas syl- 
vestre.” He knew that this gas could extinguish a flame and 
cause suffocation in animals. It is quite possible that these now 
well-known properties suggested its uses in more modem times 
for the attempted destruction of microbial life and therefore for 
the employment of this gas as a germicide. 

Beginning with the work of Pasteur and Joubert in 1877, 
experimental evidence concerning the influence of carbon dioxide 
on bacteria has been accumulating. Various phases of the ques¬ 
tion have been investigated, and in many instances practical 
application of the incomplete knowledge has been made. How¬ 
ever, careful scrutiny of the cumulative evidence of nearly fifty 
years of research must lead to the conclusion that the results of 
carbonation in any given case could not be predicted, and that 
further experimental data were necessary in order to avoid fal¬ 
lacious generalizations. 

It has long been a matter of common knowledge that chloro- 
phyl-bearing plants require carbon dioxide for their metabolism 
and growth. More recently the astonishing observations have 
been made and supported by independent investigators that CO* 
plays an important r61e in the respiration of man and the higher 

* This paper embodies the work and results presented in the senior author’s 
Doctorate Thesis deposited in the Library of Yale University. 
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mammals, and that this gas is absolutely essential to their con¬ 
tinued existence. 

The first phase of the present studies was stimulated by certain 
recent claims that carbon dioxide gas, when introduced into 
commercial ice cream, in place of ordinary air, and incorporated 
in the ice cream by the usual process of freezing, exerts a definite 
germicidal action on the bacteria present in the frozen product. 

Space in this Journal does not pennit of an extended historical 
review of the literature on various phases of the carbon dioxide 
question as related to bacteria. For such the reader is referred 
to the thesis in the Yale University Library. 

ITie investigations reported in this paper fall under two distinct 
heads: 

I. A study of carbon dioxide as a possible germicidal or bacterio¬ 
static agent 

II. An inquiry into the relation of carbon dioxide to growth and 
continued development of the bacterial cell 

I. CARBON DIOXIDE AS A POSSIBLE GERMICIDAL OR BACTERIO- 

STATR' AGENT 

This phase of the investigation was begun in 1922^ and the im¬ 
mediate results reported in a monograph of the National Ice 
Cream Manufacturers ’ Association (1922). The chief purpose of 
this work was to determine the influence of carbon dioxide in 
carbonated ice cream on the viabihty of bacteria in the cream; 
but the scope of the investigation was such as to involve also 
experiments conducted on carbonated milk, and on ordinary lab¬ 
oratory media with and without varying amounts of added 
buffer. 


a. Carbonated ice cream 

This work was conducted in six different experiments on lots 
of ice cream prepared under ordinary commercial plant conditions. 
In each of these experiments the results obtained with the car- 

• With the aid of a grant from the National Ice Cream Manufacturera’ A«- 
sociation. ^ 
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bonated ice cream were compared with those of the ordinary 
commercial product, the two being prepared from the same 
stock cream and under the same conditions except for the use of 
compressed carbon dioxide gas (8 ounces per 20-gallon freezer) 



- /re cr€am 

FlO 1 



Fig. 1. Expekiment 1 Uninoculated Ice Ckeam 
Fig. 2. Experiment 2. Uninoculated I(’E Cream 



from a cylinder in the carbonated ice cream, in place of ordinary 
air. The viability of the bacteria was determined by the plate 
counting method in plain and in lactose agar. Except in experi¬ 
ment 1, two sets of agar plates were employed in the tests. These 
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plates were incubated at two different temperatures, 24° and 30°, 
or 30° and 37°C. 

In two of these experiments no bacterial suspensions or cul¬ 
tures were added to the stock mixture, and comparative viability- 
studies were made on the natural cream mix flora. In experi¬ 
ments 3 and 4 Streptococcus lacticus was added to the stock and 


cera/edc/igam 30*C - /ce cnea/f? ^ *C 



Fia. 4. Experiment 4. Ice Cream Inoculated with Streptococcus lacticus 



Fig. 5. Experiment 5. Ice Cream Inoculated with Bacterium coli 


used as test organism. Experiments 5 and 6 were conducted in 
very much the same manner as experiments 3 and 4, but with 
the use of Bact. coli in 5, and B. cereus in experiment 6. 

The results of these six experiments are shown in figures 1 to 6 
in six different sets of curves. For detailed statements and fig- 
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ures the reader is referred to the earlier publication (1922) and 
to the doctorate thesis of the senior author at the Yale University 
library. 

The results obtained in this phase of the investigation are over¬ 
whelmingly opposed to any claims that carbon dioxide in car¬ 
bonated ice cream exerts a bactericidal action on the bacteria 
present. In experiment 6 the figures appear to favor the car¬ 
bonated product. There was an apparent reduction of viable 
org anisms of 35.6 per cent in the aerated, and of 39.6 per cent 
in the carbonated ice cream during the first twenty-four hours of 



Fio. 6. Experiment 6 Ice Cream Inoculated with Bacillus cbreus 

storage in the refrigerator room. After fifty days of holding the 
reductions were 67.2 and 83.1 per cent respectively. 

In all of the other (five) experiments no germicidal or bacterio¬ 
static action of carbon dioxide could be demonstrated. No 
marked differences in viability counts were seen, and the slight 
variations which are shown are on the whole on the side of the 
aerated, and not the C02-treated products. These results were 
borne out in the subse<Juent experiments on carbonated milk and 
laboratory media. 
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Winslow and his associates (1922) showed that by the use of 
8 ounces of CO 2 per 20-gaIIon freezer of ice cream the gases in 
frozen product contained from 52 to 55 per cent CO*. They were 
unable to increase the COs content of the ice cream beyond 50 
to 60 per cent of the air or gases in the product, even when as 
much us 28 ounces of CO 2 gas were introduced into the 20-galloD 
freezer. They show’ed further that the CO 2 of carbonated ice 
cream is diffused out during storage and that at the end of seven 
weeks storage the CO 2 content of the carbonated cream was no 
greater than the uncarbonated, viz., 10 cc. of CO 2 per 100 grams 
of ice cream. 

It would appear from fretiuent observations that under ordinary 
atmospheric pressure the amount of CO 2 introduced is insufficient 
to materially affect the H-ion concentration, except perhaps at 
the time of charging and freezing, and that any increase in free 
H-ions, if there is any, is too small in amount and of too short 
duration to affect the viability of the bacteria present. Ice 
cream is highly buffered, and large amounts of CO- are necessary 
to effect any appreciable change in pH. The question of the in¬ 
fluence of increased H-ion concentration, and the restraining ac¬ 
tion of a buffer will be discussed later, 

b. Inflvence of carbon dioxide in fresh milk 

(.'arbonic acid gas was bubbled through unpasteurized skim 
milk in open containers, at a gauge pressure of 2 pounds, and for 
a period of three minutes. 

In the first experiment an initial count of 92,000 per cubic 
centimeter at 37°C. was obtained with both the carbonated and 
uncarbonated samples. At the end of 24 hours standing at 20” 
to 23”C. the respective plain agar plate counts w'ere 1,340,000 
and 1,020,000 per cubic centimeter of milk. On lactose agar 
plates kept at 30°C. for twenty-four hours the untreated milk 
registered 500,000,000 as compared with 1,090,000,000 for the 
carbonated. 

In a second experiment both the carbonated and uncarbonated 
milk showed 129,000,000 organisms per cubic centimeter, with 
an initial count of 23,000. Quite similar results were obtained 
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in a number of other tests, and it was not possible to demonstrate 
any general inhibitory action of carbon dioxide. 

While the viability tests revealed no influence on the total 
number of organisms by the CO 2 , there was apparently at times 
some difference in the types of colonies on the plates and the 
general appearances of the plates prepared from the two kinds of 
milk. The (X)i seemed to exert a selective action, but did not 
enhance the keeping (luality of t he milk or prevent rapid bacterial 
proliferation in it. 

c. The inflnence of carbon dioxide on bacteria in pure culture in 
plain laboratory media 

In this study the action of various concentrations of CO; gas 
wa» determined on 19 different bacterial species. 

Carbonic acid gas is soluble in pure water, and its solubility 
increases directly with increase in pressure and in\ersely with 
increase in temiierature. At ordinary atmospheric pressure and 
at room temperature water takes up sufficient C'O; to render it 
distinctly acid, the degree of acidity depending on the amount of 
CO. introduced. 

Larsen, Hartzell and Diehl (1918) have shown that the degree 
of acidity of (^O; solutions under pressure lies between pH 3 and 
pH 4. 'riiey also state that the theoretical increase in hydrogen 
ion concentration from pH 3.6 under one atmosphere to pH 3.15 
under 50 atmospheres was difficult to show experimentally. 
C’onsequently the pressure is a minor factor in increasing the 
acidity of CO; solutions beyond a certain point. 

In our experience the lowest value found was pH 3.8 for dis¬ 
tilled water, when the water was saturated with CO;. This 
marked depression was made possible by the complete absence 
of buffering agents in solution. 

Methods employed. Slant agar cultures proved to be suitable 
for roughly quantitative work. For a more exact study the agar 
plating method was used. In both instances the inoculated 
media were enclosed in a bell jar and the desired amounts of CO; 
gas introduced from a cylinder. A uniform pressure slightly 
abtive that of the ordinary atmosphere was maintained by means 
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of a mercury trough which was connected with an outlet valve 
of the bell jar. The imcarbonated control cultures were similarly 
enclosed and given the same treatment except for the added CO*. 

The carbon dioxide was determined by the sodium hydroxide 
absorption method in the Orsat-Lunge gas analysis apparatus 
fully described in bulletins 42 and 197 of the United States De¬ 
partment of Commerce, Bureau of Mines. 

For the determination of H-ion concentration the colorimetric 
method was used, involving the use of buffer solutions of Sorensen 
as described by Clark. 


TABLE 1 

Showing effect of different percentages of COi on H-ion concentration of plain 

agar medium 


OBiaiKAL pH or agar 

PER CENT COj BY VOLUME 

pH AFTER TWENTY-POUR TO 
FORTY-EIGHT HOURS EXPOBUR] 

7.3-7.2 

95 

5.6 

7.0 

95 

5.&-5.5 

6.8-6.6 

95 

5.4-5.2 

6.4 6.0 

95 

5 2-5.0 

6 8-5.6 

95 

5.0-4.8 

5.4-5.2 

95 

4 7-4.6 

5.0-4.6 

95 

4 6-4.3 

6.9 

70-75 

5.9 

6.9 

45-50 

6.2-5.9 

6.9 

20-25 

6.5-6.2 

Water. 

95 

3 8 

Gelatine, pH 6.8. 

95-98 

5 0~4. S 


The carbon dioxide gas was supplied for these, as for all other 
CO* experiments in this investigation, from an ordinary commer¬ 
cial CO* cylinder. 

Changes brought about in H-ion concentration and their effect on 
bacterial growth and devdopment. With the proper color indica¬ 
tors (in plain agar medium) placed in the closed jars with the 
culture tubes or plates, definite changes in H-ion concentration 
in these indicator tubes are immediately observable on the intro¬ 
duction of CO* into the jars. In order to determine the exact 
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magnitude of these changes open indicator tubes were selected 
which were of the same diameter as the standard stock buffer so¬ 
lutions containing the same indicators, which were placed, tightly 
plugged, in the same jars. Changes brought about in plain agar 
tubes by different amounts of CO-j are illustrated in table 1. 

On exposure to an atmosphere containing 95 per cent CO* a 
final H-ion concentration of the agar corresponding to pH 5.6 to 
4.3 was attained. .\s ordinary agar is slightly buffered by the 
peptone, amino acids, etc., contained in the commercial peptone, 
some difference between the final pH of the agar (4.3) and pure 
water (3.8) must be expected. 

Ohservalions of different strains of bacteria in pure culture. Sus¬ 
pensions of the respective organisms were made in sterile physio¬ 
logical saline solution and a 4 mm. loopful of the suspensions 
streaked over the surface of slant agar tubes. The tubes were 
placed in bell jars which w'ere incubated with and without the 
measured volumes of CO*, as described above. The extent to 
which growth took place was determined by direct macroscopic 
observation and by sub.sequent incubation in ordinary atmosphere 
(see column 1 in table 3). 

In order to obtain more nearly quantitative data on the influ¬ 
ence of CO* on bacterial viability, dilution plates of the different 
organisms were poured from eighteen to twenty-four hour agar 
slants. These plates were enclosed in bell jars and subjected to 
the same treatment as the slant agar tubes heretofore described. 
As the data acquired by the usual colony count do not add much 
information to those obtained with the slant agar cultures they 
are not included here. They will be found in the senior author’s 
doctorate thesis at the Yale University Library. 

The effect of varying degrees of initial H-ion concentration in 
the agar medium on the indiAudual organisms studied is shown in 
table 2. 

A close study of this table show's that different organisms reveal 
very marked differences in their tolerance or lack of tolerance for 
increased H-ion concentration of the agar medium. For example, 
Staph, aureus, Bact. aerogenes, and E. prodigiosus possess a rela¬ 
tively high tolerance, while V. cholerae occupies the other extreme 
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end of the series, and Ps. pyocyaiiea and Ps. fluorescens occupy 
a middle portion. The list of organisms is given in the order of 
decreasing tolerance. 

None of the species are appreciably affected in the range pH 
7.4 to ().4, and little effect is exerted within the range 6.2 to 5.6. 

TABIJ'; 2 


Shoxcimj the effect of increased H-ion concentration on 19 different organisma 





1)11 OFTHR AOAU MKDIUM 


OKCiAKlR.MR 

7 4 -6 4 

6 2-5 6 

5 4-5 0 

4 8 

4 6 

44 

4.3 

Staph, aureus ... 

4 

4 

4 

4 

4 

3 

3 

Bad. aerogencs . 

4 

4 

4 

4 

3 

3 

3 

E. prodigiosus . 

4-3 

4 

4 3 

3 

3 

3 

3 

M. ietragenus .... 

4 

4 

4 


3 

3 

0- 

Bad. paraiyphosvm A 

4 

4 

3 

2 

2 


1 

Bad. coli . 


4 3 

3-2 

2 

2 

2 

1 

Bad. iyphosum 

4 

4 3 

3 2 

2 

2 

2 

1 

Bad. paratyphosum R 

4 

1 : 

3 

•> 

• ) 

2 

2 

0- 

Staph, alhus (K) 

! 

4 3 

3 2 

2 

2 

0* 

0* 

B. cereus . 

1 4 

4 

3 2 

2 

‘) 

1 

0* 

Ps. Jluorescens \iq 

' 4-3 

1 ^ 

3 

2 

i 

0* 

()♦ 

Chr. violaceum 

' 4 

1 3 

i 2 

' 2 

1 

I 1 

0 

Ps. pyocyanea 

1 ^ 

i ^ 

1 2 

! 1 

i 1 i 

1 1 

0* 

B. megatherium 

1 

! 4 3 

i ^2: 

i 1 

i 0* 

i <)• 

O’* 

B. subtilis .. 

‘ 4 

1 4-2 

1 


1 

0 

0 

Sarcina lutea 

! 4 

' 4-3 

! 3-1 

i 0 

' 0* 

0* 

0* 

Proteus vulgaris 

4 


! 2-1 

i 0* 

()• 

0 

0 

B. anthracis. 

1 4 

I 3-1 

: 0* 

1 0* 

0* 

0* 

0* 

Vibrio cholerae 

I 4 3 

1 3-1 

I I t) 

i 

.. 

0 

0 


Note: The figures represent degrees of growth on slant agar. 0 indicates no 
growth, 1 slight, 2 appreciable, 3 moderate and 4 luxuriant (normal) development 
of the given organisms. 

*The presence of the asterisk after negative symbols (0) in table indicates that 
growth, as a rule slight, was obtained on sub-culturing to fresh medium. The 
sign 0 without asterisk indicates that no growth was obtained on transfer to 
new medium. 


At pH 4.2, however, all but the first six are entirely or almost 
entirely inhibited, and only the first three are able to develop to 
any marked degree. 

As will be seen later, the organisms which were able to develop 
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over a wide range of H-ion concentration were also relatively 
resistant to the higher concentrations of carbon dioxide. 

d. The injlxience of carbon dioxide on bacteria in buffered media 

In the selection of a buffering agent for culture media serious 
consideration must be given to the question of harmful action of 
the buffer on the bacteria concerned. The agent itself and the 
amount used are therefore of much importance. 

In these experiments di-potassium and di-sodium phosphate 
were employed as buffer, as it was sought to prevent appreciable 
acid production and no thought had to be given to over- 
alkalinization. 

'fhe phosphate was added to the agar medium in two differ¬ 
ent concentrations, namely 0.25 and 1.0 per cent. The reactions 
obtained in the two phosphate agars were as follows; 

»n 

0 25 per cent di-sodinm phosphate 7.1 

l.O per cent di-sodium phosphate 7 S 

Plain agar, without the phosphate 6 9 

These three concentrations of phosphate were found on further 
observation not to be inhibitive to any of the organisms employed. 

The experiments were performed as follows: The variously 
buffered media were slanted in the usual way in test tubes and 
inoculated with 4 mm. loopfuls of bacterial suspensions which 
were prepared from eighteen hour agar cultures. Each series was 
inoculated in duplicate, one being subjected to COs treatment and 
the other held as a control. Forty-eight hours were allowed for 
the incubation. 

Fifteen different organisms were employed. The results are 
presented in table 3. 

In this work the different organisms were exposed to 95 to 97, 
70 to 75, and 50 to 55 per cent CO 2 , in tubes of plain agar con¬ 
taining 1.0, 0.25 per cent, and no added buffer respectively. 

The table shows the bacterial development obtained with tjie 
fifteen different organisms; also the original pH and that of the 
different culture tubes after forty-eight hours of exposure to the 
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CO 2 or air. The CO 2 percentages were obtained by chemical 
analysis of the gas in the culture jars. 

These observations must be regarded as further proof that CO 2 
in itself is not antiseptic or bactericidal, and that any harmful 
action brought about on bacteria by the application of CO 2 is 

TABLE 3 

Shoifing the degree of growth on buffered artd plain agar medium under different 
'percentages of carbon dioxide 


roNCBNTllATION OF CO* 


ORGANISMS 

95 to 97 
per cent 

70 to 75 
per cent 

j 60 to 55 
j percent 

Air control 

j Percent 

1 buffer 

0 

*0.25 

1 0 

0 

0 25!1 0 

1 

1 

0 , 

[ 

0.25 

1.0 

0 

! 

0 25:1.0 

1 

Bact. aerogene^ ... 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Bad. coH . 

2 

4 

4 

4; 

4 

4 

4 

4 

4 

4 

4 

4 

Bact. paratyphosum A 

2 

3 : 

3 

3 i 

3 

3 

3 

4 

4 

4 

4 

4 

Bact. paratyphosum B 

2 

3 

3-4 

3 

4 1 

4 

3-4 

4 

4 

4 j 

4 

4 

Bad. tiyphosum. 

2 

o 

.3 

3 

3 j 

3-4 

4 

4 

4 

4 

4 

4 

Streptococcus pyogenes . 

3 1 

3 

4 

1 3 

3-4 

4 

3-4 

4 

4 

4 

4 

4 

Staph, albus (k) 

2 

3 

3 

2-3 

3 

3-4 

3 

4 

4 

4 

4 

4 

B. cereals ... 

12 

3 

3-4 

3 

4 

4 

4 

4 

4 i 

4 

4 

4 

B. anthracis. 

0 

3 

3 

1 

4 

3-4 

2 

4 

4 

4 

4 

4 

B. subtilis . 

1 

3 

3 

2 

3 

3 

2 

3 ! 

41 

4 

4 1 

4 

V. choleiae . 

0 

0 

3 

' 0 

0 

3 

0 

3 

l3-4i 

i 4 

4 

4 

Isolations from ice cream 

Organism no. 1. 

0 

0 

i 2 

0 

1 

2-3 

0 

3 

1 

3 

4 

4 

4 

Organism no. 10. 

3 

4 

4 

3 

4 

4 

; 4 

4 

4 

4 

4 

4 

Organism no. 11. 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

pH after forty-eight hours. 

5.2 

5.9 

6.8 

5.9 

6.2 

7.2 

5.^- 

7.0 

7.4 

e.ski 

7.8 






1 


6.2 






Original pH. 

6.9 

7.1 

7.8 

6.9 


7.8 

6.9 

7.1 

7.8 

e.gjr.i 

7.8 


Note: 0 indicates no growth, 1 slight, 2 appreciable, 3 moderate, and 4 lux¬ 
uriant (normal) development. 


exerted through the increased H-ion concentration of the medium 
exposed to the gas. When sufficient buffer is added to the me¬ 
dium to prevent any appreciable change in the H-ion concentra¬ 
tion, even the most delicate of the org anisms used here (F. 
cholerae) will develop in atmospheres containing as much as 70 to 








INFLUENCE OF CABBON DIOXIDE ON BACTERIA 


113 


75 per cent CO 2 . The more vigorous and resistant organisms, as 
for example, Bacl. aerogenes and Staph, aureua, grow well under 
an atmosphere of 95 to 97 per cent CO 2 , in both the plain agar 
and in that containing added buffer. For some organisms, there¬ 
fore, added buffer does not appear to be essential to growth, owing 
to their marked tolerance for free H-ions. 

n. THE RELATION OF CARBON DIOXIDE TO GROWTH AND CONTINUED 
DEVELOPMENT OF THE BACTERIAL CELL 

The foregoing experiments were concerned with high concen¬ 
trations of (X) 2 , but it was impossible to demonstrate any injuri¬ 
ous action on bacteria so long as material increases in H-ion con¬ 
centration were prevented by the use of a proper buffering agent. 

With low concentration of C02 (less than 10 per cent) the 
changes brought about in H-ion concentration of the agar me¬ 
dium, without added buffer, are insignificant, and very little, 
if indeed any, hindrance to the growth of bacteria, even the most 
sensitive studied here, is offered. 

In nature bacteria are constantly exposed to an environment 
in which CO 2 is present, though at times in very small amount. 
For example, ordinary air contains about 0.03 per cent, animal 
fluids and tissues possess varving amounts of this gas, and in the 
soil and in decajdng organic matter generally C '02 is produced as 
a result of the activities of microorganisms and of plant roots. 

Carbon dioxide in 10 per cent concentration has been advocated 
and used by various investigators (Cohen and Markle (1916), 
Chapin (1918), Cohen and Fleming (1918), Huddleson (1920)) 
in the cultivation of microaerophiles or “partial tension ’ organ¬ 
isms. The purpose of the gas was not to supply a favorable or 
necessary agent as such, but as a diluent of atmospheric air, thus 
rendering the gaseous environment favorable, as was supposed, 
because of its reduced oxygen. 

The following question presented itself: If carbon dioxide is not 
in itself harmful to bacteria, may it not be beneficial in small 
amounts, and perhaps necessary in the physiology of bacteria, as 
it is in that of the chlorophyl-bearing plants and as it has recently 
been shown by Henderson and others to be in human and animal 
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physiology? The following experiments were conducted, there¬ 
fore, to determine the relation of small quantities of CO 2 to the 
life and growth of the bacterial cell; in other words, to study the 
response of bacteria in pure culture to the removal of carbon 
dioxide in part or in whole from the environment. 

'rhere are apparently no experimental data on record which 
show what the exact gaseous requirements for the bacterial cell 
are, and this is particularly true in so far as CO 2 is concerned. 

The cell derives its main supply of carbon dioxide, if indeed 
such is needed, from the atmosphere in which the culture is grow¬ 
ing and from the gas dissolved in the medium. Theoretically, 
the equilibrium in tension is maintained by diffusion. 

a. The effect of partial removal of carbon dioxide from the gaseous 

environment 

.Slants of plain nutrient agar were inoculated in duplicate, each 
with a 4 mm. loopful of the bacterial suspension. In one set of 
tubes soda lime was placed over the lowered plugs, while the 
other set was used for control. Both sets were placed in a Freas 
vacuum oven. The air was removed from the oven with a 
vacuum pump which registered a vaccum on the gauge of 28 to 
29| inches. Air was then allowed to enter the oven through a 
scrubbing tower containing a 33 per cent solution of sodium 
hydroxide and glass beads. The operation of evacuating, and 
refilling with ('02-free air was repeated three times. After the 
final aeration incubation was allowed to proceed for from eighteen 
t<> twenty-four hours.. 

I'he two sets of tubes were thus subjected to the same treat¬ 
ment, aside from the use of soda lime in the one set. The soda 
lime may have absorbed some moisture from the medium and 
thus caused a certain, though insignificant, desiccation. The 
responses obtained with the organisms employed are given in 
table 4. 

Only those organisms which showed impeded growth are in¬ 
cluded in this table. Of the total number of organisms tried the 
majority appeared not to be affected in their cultural develop¬ 
ment by the soda lime, and the growths in the two sets of tubes 
were practically equal. 
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It was assumed that only partial removal of ('02 had been 
effected by this preliminary method, and that further efforts 
would be required to remove the small amounts of C '02 which were 
held in the medium. The following additional methods were 
given a trial. 

1. Inoculated slant agar tubes were placed inverted in a beaker 
containing a 20 per cent NaOH solution, and incubated. This 
method yielded results quite similar to those recorded in table 4. 

Considerable dessication occurred in these tubes. Further¬ 
more, it was quite clear that the enclosed volume of air was very 


TAHI.K 4 

Shou'ing the cfectn of reduced carbon dioxide 
us(hI as an absorbent. Slanted agar cultures employed 


OUf.VNlBMH 

AIR covrnoL 

SOnA-LIMlTTB* 

24 hourfl 

4S nourp 

24 hours 

48 houri 

V. cholerae 

3 

4 

0 

< > 

Bad. iyphomm 

4 

4 

1 

3 

Ps. pyocyanen 

3 

4 

0 

2 

Proteus vulgaris 

3 

4 

0 

•> 

B. subtilis 

i 

4 

= 1 ' 

4 

B. megatkerimri 

i 4 

4 

1 

4 

Bad. coll . 

1 4 

1 4 

1 

3 

M . tetragenus 

' 4 

! ^ 

1 

4 


Note: 0 indicates no growth, 1 very slight (one or two colonies on the slant), 
2 appreciable, 3 moderate, and 4 luxuriant grow’th. 


small, not over 30 to 40 cc. Partial inhibition may have been 
due to the combined effect of these two factors. 

2. The inverted tubes in the NaOH solution were provided with 
glass U-tubes. One arm of the U-tube extended into the culture 
tube close to the agar surface, and the other communicated with 
the C02-free interior of the Freas incubator, thereby providing 
ample supply of air in the tube. 

3. Tubes of slanted agar were enclosed in the air-tight oven. 
The oven was then evacuated and CO 2 free air admitted to the 
oven. The operation was repeated four times. The oven was 
finally exhausted (29| inches on gauge) and allowed to remain 
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thus for about twenty-four hours. The tubes of agar were then 
removed and quickly inoculated in duplicate. One set was im¬ 
mediately incubated in a C02-free atmosphere, and the other 
under ordinary air conditions. 

The results obtained were essentially the same as those de¬ 
scribed in table 4. 

4. A combination of low temperature and vacuum was next 
applied in such a way as to prevent any absorption of COs by the 
medium. A freezing mixture of ice and sodium chloride was pre¬ 
pared. Tubes of heated and unsolidified agar were immersed in 
this mixture in slanted position and held in a v'acuum for six hours. 
Immediately after inoculation the agar slants were returned to 
the freezing mixture in vacuum. 

In spite of the lessened penetration of the COs gas by rapid 
cooling of the agar, and the delay in bacterial growth at this low 
temperature, some of the gas was apparently still held in the agar 
medium, for on subsequent incubation at the optimum tempera¬ 
ture in a COs-free atmosphere pronounced growth was obtained 
with several of the organisms. In the case of the more suscepti¬ 
ble ones only a partial inhibition was effected. The results were 
as a whole rather suggestive, but could not be accepted as proof 
* for or against a COs reciuirement h 3 q)othesi 8 . 

The subsequent experiments were conducted on a more dis¬ 
tinctly quantitative basis, involving the use of the Petri dish 
principle. 

Experiments involving the principle of quantitative dilution and 
plating in Petri dishes. Deep, uniform Petri dishes were selected 
and given a required amount of inoculum with measured amounts 
of agar (12.5 or 15 cc.). The nutrient agar was prepared with 
Difco bacto-peptone and Liebig’s meat extract, the standard 
method of preparation of the American Public Health Association 
being followed. 

A 33 per cent solution of NaOH was employed at the outset 
as a COs absorbent. This solution was held in small Petri 
(Esmarck) dishes which rested on the inner surface of the cover 
of the inoculated inverted Petri plates during the incubation. 
This method allowed very rapid COs absorption from the atmos- 
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phere and was expected to remove at least a goodly portion of 
this gas from the agar itself. 

The organisms employed were laboratory stock strains of the 
various types and species. The agar plates were poured from 
quantitative dilution bottles, three different bottles being used for 
each organism. The first of these bottles (a) was inoculated with 
the amount of an eighteen-to-twenty-four-hour agar culture which 
in preliminary trials was found to give a suspension of the desired 
density for the given organism. One cubic centimeter of this 
suspension (a) was transferred to the second dilution bottle (b) 
containing cc. water, and after shaking 25 times 1 cc. was 
transferred from this to dilution bottle fc). 

The plates were poured with 1.0 and 0.1 cc. quantities of sus¬ 
pension b and with 1.0 cc. of dilution c. In each of the experi¬ 
ments the plates were poured in duplicate and in some instances 
in triplicaite. 

One set of the plates was incubated in an ordinary incubator, 
and the other in a Freas vacuum oven in which a 33 per cent solu¬ 
tion of NaOH and boiled water were enclosed. A slow stream of 
(’Os-free air obtained by use of the NaOH scrubbing tower al¬ 
ready described was drawn through the Freas incubator for a 
period of thirtj'^ minutes. I’he air issuing from the incubator was 
drawn through a column of barium hydroxide to test the effective¬ 
ness of the CO 2 removal system. 

Incubation was as a rule conducted for from eighteen to twenty- 
four hours, and after a brief observ^ation for growth, was continued 
for an additional period of twenty-four hours. The temperature 
of incubation was the optimum for the given organisms. 

Complete growth inhibition was obtained by this method with 
the following organisms: Bad. typhosum (7 different strains. 
Bad. para-typhosum A and B, Bad. coli, Bad. aerogenes, B. 
cereus, Proteus vulgaris, Chr. violaceum, F. cholerae, Staph, aureus 
(one old and one new strain), Ps. pijocyanea (2 strains), E. pro- 
digiosus, Sarcina lutea and L. acidophilus. 

One objectionable feature was recognized in the above method. 
While complete inhibition of growth was readily obtained, the 
portion of the agar immediately over the plate containing the 
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concentrated NaOH solution suffered pronounced dessication, 
which could not be entirely eliminated by the use of weaker NaOH 
solution. The inhibition of bacterial growth may have been 
caused, at least partly, by the drying. 

An attemp was made to determine the effect of drying without 
simultaneous absorption of car!)on dioxide, by the three following 
methods: 

1. Use of the sodium hydroxide in ordinary air and in an ordi¬ 
nary atmosphere containing added carbon dioxide. No inhibi¬ 
tion of growth was obtained in either of the plates, in spite of the 
fact that the portion of the agar immediately over the NaOH 
solution was apparently completely dry. Numerous colonies 
developed in the area outside of the thoroughly dried xone. 

2 . The use of dry calcium chloride. The method is the same 
as the one just described, except that dry ('aOls was placed in 
the Esmarck dish in place of the NaOH solution. Triplicate 
plates were employed in each experiment. The same degree and 
area of drying in the agar plates (20 to 25 mm. in diameter) were 
established here as in the above method. One of these plates was 
kept in the ordinary atmosphere, the second in a CO;-free gaseous 
environment, and the third in an ordinary atmosphere to which 
CO 2 was added from a cylinder. 

The plates which were incubated in the OOs-free atmosphere 
gave no evidence of growth, while those which were kept in ordi¬ 
nary air and under increased C'Oz showed abundant bacterial 
development, the growths extending to the very edge of the des¬ 
iccated area. 

3. By the removal of the sodium hydroxide solution from the 
inverted Petri dishes, after preliminary incubation, and subse¬ 
quent incubation for twenty-four or thirty hours in the ordinary 
incubator. Growth w'as invariably obtained on the plates, 
though the numbers of colonies obtained were never as high as 
those observed on the ordinary air control plates. 

This experiment showed that growth will occur as soon as GO* 
is admitted to the plates, in spite of the additional drying of the 
agar during the second incubation. 
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The drying and removal of CO 2 occurred at the same time, 
and it must be assumed that some injury to individual bacterial 
cells was caused through these two combined influences or by 
the drying alone. It appeared, therefore, that further evidence 
of a direct nature was highly desirable. The following additional 
procedures were indicated as probable means of solution of the 
question. 

a. Removal of (carbon dioxide by an absorbent which is not a 
dehydrating agent. 

h. Preparation and employment of media which are entirely 
free from dissolved and combined carbon dioxide. 

For attaining the first of these objects, the hydroxides of cal¬ 
cium, barium, and magnesium were looked upon as possibilities, 
('aloium and barium hj'drate solutions, while quite efficient as 
absorbents, were not wholly' satisfactory. The film of carbonate 
which developed on the surface reduced their absorptive capacity. 
Magnesium hydroxide was eliminated early. 

Powdered calcium hydrate proved to be well adapted for the 
purpose. It may absorb a small amount of moisture when thor¬ 
oughly' dry, but when its attraction for moisture is satisfied, it 
serves as an excellent absorbent of (’O 2 . 

For the pre})aration of a medium which is free from carbon 
dioxide, extreme measures were soon found to be necessary' for 
the removal of the last traces of this agent. 

In the first place it was important to work with a carbohydrate- 
free medium, especially when gas-producing organisms like Bad. 
aerogenes were used. Such a medium was prepared by' inoculat¬ 
ing the broth u.sed for the agar with Bad. coli, incubating twelve 
to fourteen hours at 37°C. and removing the turbidity caused by 
this organism through a coarse porcelain filter. 

Furthermore, it seemed desirable to have a medium sufficiently 
low in pll to liberate carbonic acid from its combination with 
bases (i)otassium, sodium, calcium, etc.) and to lessen its absorp¬ 
tion by the medium. 

For the study of the paratyphoid-enteritidis group of organisms 
which proved in our experience to be the most difficult to inhibit 
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the reaction of the sugar-free agar was adjusted to pH 5.5. This 
H-ion concentration was found not to be inhibitive, or at best 
only to a very slight degree. 1^ 

By the use of such agar many of the more resistant organisms 
were completely inliibited. There remained a few, however, 
which showed a reduction of 75 to 95 per cent, but never complete 
inhibition. In this last division belong Boot, typhi-murium II, 
Bad. paratyphosum C (Krai Strain) and Bad. aerogenes. Further 
refinement of technique was therefore necessary before any defi¬ 
nite conclusion regarding CO 2 requirements of bacteria generally 
could be arrived at. 

A procedure was sought next whereby absorption of CO 2 by 
the medium could be prevented. For this purpose freshly pre¬ 
pared sugar-free agar having a reaction of pH 5.5 was, on removal 
from the autoclave, placed in a 50° to 55°C\ water bath and bath 
and tubes put into a Freas air-tight oven. C02-free air was 
passed over the cooling agar, the oven being maintained at a 
partial vacuum (5 inches on gauge). The dilution bottles were 
also freshly prepared and sterilized, and were used immediately 
upon cooling to 30° to 35°(.\ 

The cells of the most resistant organisms were washed three 
times in freshly prepared and sterilized saline solution. The 
desired dilutions of the washed cells were made rapidly and 
the agar plates prepared with the COs-free agar. The plates 
were allowed to cool in the Freas oven while COj-free air was 
drawn through the system. As soon as the plates were cooled 
they were removed from the oven, inverted and a dish of calcium 
hydrate paste placed in them. The inoculated Petri dishes were 
then returned to the Freas incubator and COs-free air passed 
through the tightly sealed incubator for thirty minutes. After 
a definite interval COs-free air was again conducted through the 
oven, as an added precaution. Fairly uniform atmospheric pres¬ 
sure was maintained by closing the stopcock nearest to the 
vacuum pump and leaving the connection with the scrubbing 
tower open. 

The Ca(OH )2 paste was prepared by placing from 5 to 10 grams 
of dry calcium hydrate in a small dish and adding sufficient water 
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to moisten the powder completely. In preliminary tests it was 
clearly shown that Ca(OII )2 does not cause dehydration of an 
agar medium exposed to it. In fact, there was a slight increase 
in the weight of the agar plate, due evidently to absorption of 
moisture from the hydrate by the agar. 

Only the organisms which could not be inhibited by the fore¬ 
going methods were subjected to the washing process and to the 
various other steps employed in this extreme method, namely. 
Had. aerogcnca, Bad. tjjphi-nmriu7n II, Bad. enlcritidis and Bad. 
paratijpho.HUm (,' (Krai Strain), ('omplete inhibition of this group 
of organisms was obtained by this combination of measures. 

By t he use then f)f the more simple and of these extreme meas¬ 
ures all organisms (strains and species) employed thus far in 
the investigation have been shown to require carbon dioxide for 
their growth and continued existence. The minimal amounts of 
(’Oj required by the different organisms varied with the species 
and at times even with individual strains, as was shown by the 
responses of the various organisms to the lesser or greater 
reduction of ('();, in the environment. On this basis they may 
be regarded as falling into several di.stinct classes or divisions, 
to which more detailed reference will be made later in this paper. 
A summary of all of the organisms employed and the results of 
the quantitative study will be found in table o. 

Carbon dioxide and anaerobic bacteria. A study of similar 
phenomena among the anaerobes reejuired several modifications 
of the previous technicjue. Quantitative tests could not be made 
on account of the difficulty involved in such studies. Four well- 
known anaerobes were employed in these tests. Cl. sporogenes, 
Cl. ivelchii, Cl. tdani and Cl. putrificum. 

Glucose agar plates (1 per cent glucose, 2 per cent agar, pH 
7.2) were poured and allowed to cool in a C02-free Freas oven. 
The plates were then streaked with a bent glass rod from the 
liquid portion of young egg-meat cultures. The inoculated plates 
were introduced into jars and the air removed by the hydrogen 
displacement method. The incubation time was twenty-four to 
forty-eight hours, except with Cl. putrificum where much longer 
time was allowed. 



Showing the different responses of the organisms employed to different degrees of CO2 removal and groupings according 

to these differences 
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Group 2. Strains inhibited by combined influence of removal of CO 2 from atmosphere and the use of freshly prepared 
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The appearance of visible surface colonies was taken as a 
criterion of growth. There was little difficulty in obtaining sur¬ 
face growth under the usual conditions, when, however, the agar 
was kept free from CO 2 by inverting the plates over a dish of 
calcium hydroxide, there was no apparent growth, providing 
clumps of solid egg-meat medium had not been carried over to 
the agar. 

Cl. 'putrificwn was very slow to develop, and as a rule the plates 
and large agar tubes employed remained free from visible growth 
under all conditions for from four to five days. When carbon 
dioxide (1 to 3 per cent) was introduced into the jar growth was 
obtained with considerable frequency, while in the absence of 
CO 2 no colonics appeared in from fifteen to twenty days and in 
only one instance was there unmistakable evidence of bacterial 
development after twenty days. The results with Cl. pvtrificum 
were as follows: 

In six trials involving the use of 30 plates and the direct hy¬ 
drogen displacement method 21 plates showed growth. 

In the same riumber of trials with the H displacement method 
and added CO 2 , colonies appeared in 28 plates. 

Under the apparently CO«-free conditions growth was obtained 
on only one out of the 30 plates. 

Mycobacterium tuberculosis. Tw'o strains of the tubercle bacil¬ 
lus were employed. One (a) was obtained from a near-by sana¬ 
torium and the other from a local tuberculosis hospital. The 
latter organism ib) was designated as the Christy strain. Both 
were of human origin and grew slowly. 

The experiments with strain (a) were conducted on I’etrofT’s 
medium containing gentian violet, 1:15,000. 

The slants for air control w^ere inoculated and sealed with 
paraffin. The seal was perforated with four or five pin holes, 
as recommended by Novy and Soule (1925). The tubes were in¬ 
cubated at 37°C. for from three to four weeks. Out of a total 
of 18 tubes used 15 showed grow'th in the form of minute colonies 
which were surrounded by decolorized areas. 

The same number of tubes were incubated in a C02-free oven 
for the same length of time and at the same temperature. Only 
one of the 18 slants gave any indication of bacterial development. 
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The experiments with the Christy strain were carried out 
largely on alkaline glycerol beef infusion agar, as described by 
Novy and Soule (1925). barge culture tubes (20 x 150 mm.) 
were employed. The C’02-free agar tubes were prepared by plac¬ 
ing them (melted) in the Freas oven and passing C02-free air 
through the incubator while the agar was solidifying in the sloped 
form. 

The glycerol-egg-raedium of Lubenau was also employed, 
barge slants were prepared by ordinary inspissation. "I'hey were 
tested for sterility by subsequent incubation at 37“C. for six days. 
The tubes received 3 cc. of glycerol beef infusion peptone broth 
to avoid drying. 

The inoculations were made by means of a platinum loop, the 
inoculum being spread as evenly as possible over the agar or egg 
medium surface. 

'rhe results were not wholly satisfactory, owing to contamina¬ 
tion by moulds. 

Twelve slants of the glycerol agar were enclosed in ordinary 
air under a bell jar. Four of these showed contamination by 
moulds, two no growth, and six developed small separate areas 
of growth in twenty-eight days 

In a ('O-i-free atmosphere none of the ten tubes of glycerol 
agar and of the eight, tubes of bubenau’s medium revealed any 
evidence of growth. 

Of the ten air control tubes of bubenau’s medium, growth was 
observed in three, four appeared sterile and three developed 
mould. The absence of growth in the four tubes may have been 
due to too light inoculation, in spite of the precautions taken. 

All of the tubes held in the (X) 2 -free incubator remained free 
from visible growth. 

'rhe results of typical experiments on all of the organisms used 
in this work are sununarized in table 5. I’hese are of profound 
significance and were in part unexpected. In spite of the wide 
diversity of the different organisms studied, in morphology and 
in cultural and biochemical properties, CO 2 appears to be essential 
to the vital activities and cell functions of all of the 109 strains. 
The minimal requirement of the different organisms or different 
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strains varies within rather wide limits. For purposes of ready 
comparison they may be tentatively divided into more or less 
distinct groups, on this basis, as is shown in the table. It is 
clearly recognized, however, that due to this variation the posi¬ 
tion of an organism may be shifted in the groups. For example, 
certain old lalioratory strains were less sensitive to the removal 
of CO 2 than the freshly isolated strains. Staph, aitreus and Ps. 
pyncijanea serve as illustrations. Hence, the placing of freshly 


TAIII.K a 

(hvilig the nutnhrr of colomcs oblained in ordinary air and in air with increased CO% 
contint {() to 1.0 per etnt) 


OHI. 


Vin I DVTIUM 

viii iTH 0 3 TO 

1 n T ER CKXT 

Hart, gnlhnarnm 


fiO 

COa 

118 

Had aerotjenes 


J70 

: 383 

Hact coll U'ow) - 


27:> 

311 

Had. coll (horse) 


4:> ' 

' 65 

Hact. dysenteriae 


229 

336 

Hact pneuvwniae 


141 ! 

I ISl 

Hact. typhosurn (R) 


2.41S 

3,162 

Had. cloacae . 


102 

ISO 

Hact. coli (monkey) 


r)S 

145 

Pr mirahili.'f 


932 

1,036 

Staph, albus 


107 

1«87 

V cholerae 


76 

120 

L. acidophilus ((iV9) 


103 

1 258 

L. acidophlulus ((d)) 


100 

250 

L. acidophilus (Sc ) 


IS2 

336 

L. acidophilus (R-1) 


12 

53 


Note: The figun's in colmnns 2 and 3 represent eolonv counts on agar plates of 
the same dilution. 


isolated strains in group 2, and of laboratory stock strains of the 
same species in groups 3 and 4 should not be surprising. 

It would seem that the function of the CO 2 is not that of an 
added stimulus, but that it is concerned with the very existence 
of the cell, since incubation without CO 2 for from twenty-four 
to forty-eight hours reduces the number of colonies developing 
subsequently on the plate and often results in actual killing of 
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the organisms. Examples of this devitalizing influence are found 
in Boot, abortus, Bact. typhosum, V. cholerae, B. subtUis, and L. 
acidophilus. 

Responses to slightly increased amounts of €0%. While all of 
the organisms studied grew under ordinary atmospheric condi¬ 
tions (0.03 per cent CO 2 ) it was of interest to determine to what 
extent increased amounts of the gas would facilitate growth. 

TABLE 7 

Showing the favorable influence of increased carbon dioxide on the 


growth of L. acidophilus 

AIB CONTROL 

25 TO 30 PER CRNT CO* 

Experiment I. Strain 4 B 

26,000,000 

58,000,000 

23,000,000 

60,000,000 

Average.24,500,000 

59,000,000 

Experiment II. Strain 4 B 

12,000,000 

53,000,000 

Experiment III. 

Strain 4 B 

20,000,000 

75,000,000 

28,000,000 

78,000,000 

Average.29,000,000 

76,500,000 

Experiment IV. Strain R-1-1 

19,000,000 

65,000,000 

Note: Platings were made from stock milk cultures. 


In the following experiment two sets of plates were inoculated 
with the given organisms and placed under bell jars. One of 
these sets was exposed to the ordinary air in the jar, and the 
other to an additional 0.3 to 1.0 per cent COs introduced into 
the jar from a CO 2 cylinder. Ordinary plate counts were made 
after fifteen to eighteen hours incubation. The results are sum¬ 
marized in table 6. 
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Pronounced tendencies to more abundant development in the 
presence of increased amounts of COj were exhibited by each of 
the 16 organisms employed here. Whether all bacteria give the 
same response to added CO 2 requires further study, but these 
results would indicate that such favorable action of increased 
CO 2 on growth is, to say the least, quite general and is especially 
noticeable and most easily demonstrated with recently isolated 
strains. 

This observation has an important bearing on the problem of 
isolation and of quantitative determination of bacteria which 
under ordinary conditions are slow to develop on even the choicest 
media. L. acidophilus serves as an excellent example of this type 
of organisms. It was among those which suffered most readily 
when subjected to partial CO 2 deprivation. 

As may be seen in table 7, L. acidophilus requires for its best de¬ 
velopment more CO 2 than is contained in ordinary air. Further¬ 
more, the colonies which grew under increased CO 2 environment 
were larger and more typical than when the plates were ex¬ 
posed to ordinary atmosphere (0.03 per cent CO 2 ). By the 
method of increased CO. application, the incubation period could 
be considerably shortened. Later observations showed that dif¬ 
ferent strains of L. acidophilus may show a marked quantitative 
difference in their C'O. needs. 

Attempts were also made to induce certain atiiiical laboratory 
stock strains to produce more nearly typical agar colonies. 

The amount of CO 2 employed here was probably greater than 
was necessary. Further experiments must be conducted to de¬ 
termine the optimum CO 2 requirements. 

The principle of CO 2 requirement has been now embodied in 
the standard procedure of this laboratory (described by Kulp 
(1926)) to determine the viability of L. acidophilus cultures and 
commercial products, with very gratifying results. 

It is used also by McAlpine and Slanetz in the Storrs laboratory 
in certain studies and viability determinations of Bact abortus, 
and by Theobald Smith (1926) in his isolation work with Bact. 
abortus. 

It is obvious that the magnitude of influence of increased CO* 
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is not fully expressed by the counts given here. The CO* con¬ 
centrations are those existing at the beginning of the experiments, 
and no measures were adopted to maintain the original concen¬ 
tration, not only of COs, but of O 2 as well. Furthermore, the 
COj in the air control jars was increased as growth appeared. 

The experimental evidence shows that carbon dioxide in greater 
than the minimal amounts absolutely recjuired, enables larger 
numbers of bacterial cells to grow and fosters earlier initial de¬ 
velopment and a shorter incubation period. 

GENERAL DISCUSSION 

The inquiry into the effects of carbon dioxide on bacteria was 
begun as a part of the present investigation at a time of unusual 
interest in the question. 

The results of examination of six different lots of ice cream 
are shown in figures 1 to 6, and from data presented here the 
conclusion seems warranted that carbonation at the usual at¬ 
mospheric pressure exerts very little, if indeed any, inhibitive 
action on the organisms originally present in the ice cream, and 
upon different species introduced into the ice cream as test 
organisms. Quite similar results were obtained with milk as 
regards both the natural milk flora and the test organisms used. 
Strept. lacticus, Bad. coli, Bad. typhomm, and Bad. paratyphosum 
A and B remained apparently unaffected by an atomosphere of 
95 to 97 per cent (X) 2 . 

Pure culture studies in nutrient agar, with and without added 
phosphate as buffer demonstrated that whatever harmful action 
may be exerted by ('O 2 is the result of increased H-ion concen¬ 
tration, and is not due to the CO 2 per se. In the unbuffered 
agar marked inhibition of growth of a number of species was 
caused by only moderate increases in the H-ion concentration. 
Color production also was interfered with in certain instances. 
Some organisms were killed when the pH of the medium reached 
5.6 to 5.2. Among such examples were certain strains which 
were isolated from carbonated ice cream. 

The addition of sufficient phosphate buffer to prevent marked 
changes in H-ion concentration during carbonation resulted in 
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continued and unhindered growth. Hence any medium which 
contains considerable amounts of buffering agents, as for example, 
ice cream, milk, etc., will reijuire the presence of correspondingly 
large quantities of (’Oj to cause increased keeping properties 
through the influence of ('O 2 . 

Hoffman (IflOb) showed that milk could not be sterilized by 
the use of 50 atmospheres of CX).^, though some reduction in the 
number of viable organisms was obtained. Van Slyke and Bos- 
worth (1900) claimed that carbonation of milk without added 
pressure did not exercise any jireservative action. Lactic fer¬ 
mentation was slightly delayed, however. Hunziker (1924) and 
Prucha and his associates (1925) have made observations similar 
to ours concerning carbonation of cream and butter. 

'I'he results of our experiments are in accord with those of 
Prucha, Brannon and .\mbrose (1922, 1925) and other investi¬ 
gators, but are somewhat at variance with the claims of Prescott 
and Parker (1924). 

'That it is possible at least partially to inhibit or reduce bacterial 
development by the use of CXl^ w’as clearly show’n by Buchner 
(18S5), Leone (ISSb), Hochstetter (1887), Frankel (1889) and 
others. 

'I'he re.sults obtained by dilTerent investigators have been quite 
variable, and atteuqits to reconcile the different views have been 
few\ l)’x4rsonval, in his controversy with Sabrazes and Bazin 
(1893), maintained that the differences are due to experimental 
technic, and that generalizations regarding the ultimate effects 
of carbon dioxide on bacteria cannot be stated a priori. 

Fraenkel (1889) showed that a gelatin medium changes from 
alkaline to acid reaction, on treatment with CO 2 gas. The 
changes were not regarded as very pronounced and were sup¬ 
posedly of no consequence insofar as bacterial development 
was concerned. 

Such changes are now known, by the more exact pH determina¬ 
tion methods, to be tiuite appreciable (see table 1). That acidity 
(free H-ions) plays a very prominent r61e in the unfavorable influ¬ 
ence brought about on bacteria in carbonated beverages or soft 
drinks was shown by Koser and Skinner (1922). 
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Briefly then, it seems evident that in order to exert any inhibi- 
tive or bactericidal action, CO* must be present in sufficient 
amounts to overcome any buffering agents that may be present 
and to increase the H-ion concentration to the point where it 
becomes growth-inhibiting or actually germicidal. 

The present study of the influence of small amounts of carbon 
dioxide on the growth and activities of bacteria has clearly shown 
that CO*, instead of being regarded purely as a waste product, is 
beneficial, and it appears from the observations made thus far 
to be essential to the continued existence of the bacterial cell. 

Previous investigators have made isolated observations which 
would have long ago led to the above conclusions, if they had 
been followed up at length and proper interpretations had been 
made. 

Szpilman (1880) claimed to have demonstrated motility by 
fi. anihrads when a slow stream of CO* was passed through a 
drop culture of the organism. Crossmann and Mayerhausen 
(1881) made similar observations on other organisms. Nowak 
(1908) obtained satisfactory growth of Baci. abortus under two 
atmospheres, and under reduced oxygen tension. That this or¬ 
ganism, which is microaerophilic, should be able to develop under 
these two apparently reversed conditions seemed to Nowak on 
the surface contradictory. The tandem method (use of B. 
subtilis) of Nowak (1908) is a practical one, as is amply proven 
by its varied application in the primary isolation of the gonococ¬ 
cus (Wherry and Oliver (1916), Chapin (1918)) and of the menin¬ 
gococcus (Cohen and Markle (1916)). 

The favorable influence of B. subtilis and similar organisms 
employed in the tandem method has been generally regarded as 
being due to partial removal of oxygen from the closed jar and 
thus to the creation of a more favorable (non-inhibitive) gaseous 
environment, or to a greater moisture content, since desiccation 
is prevented in the closed system (St. John (1919) and Torrey 
and Buckell (1921)). 

Some workers (Gates (1919) and Kohman (1919)) ascribed the 
benefits of the above methods to a delicate adjustment of H-ion 
concentration by the creation of a suitable buffer system. 
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The favorable action of B. subtilis and of added carbon dioxide 
on microaerophiles may now be regarded as being due to the 
satisfying of a definite COj requirement which ordinary air is 
incapable of meeting. 

Vinogradski (1899) showed that the autotrophic nitrifying soil 
bacteria require ('Oj. Ilis observations were confirmed by 
Godlewski (1892, 1895, 1896). Bonazzi (1921) and Gowda 
(1924). The same thing has been demonstrated for Spirophyllum 
ferrugineum (Ellis) by Eieske (1911), and more recently for 
Thiobadlhis thiooxidans by Waksman and Starkey (1922, 1923) 
and Starkey (1925). 

This conception in the domain of general bacteriology has been 
more gradual and mf)re recent in its development. IN'herry and 
Ervin (1918) held that M. tuberculosis retjuires COj for develop¬ 
ment. ('orper (1921), Rockwell and Highberger (1926) made 
similar observations. Recent experiments in the Yale and 
.•^torrs Station Laboratories have shown without (juestion the 
need of CO 2 by Bad. abortus. Th. Smith (1924. 1926' showed 
that CO 2 is highly fa\'orable in the cultivation of the Bang bacil¬ 
lus, and especially in the primary isolation of the })ara.sitic strains 
of this organism. 

Rockwell (1923), in his experiments with nine different species 
of bacteria which were grown in mixtures of various gases, con¬ 
cluded that carbon dioxide is necessary for these species. Un¬ 
fortunately the experimental technique was such as to leave 
considerable doubt as to the merits of the claim. 

The conclusions of Wherry and Ervin (1918), and of C\irper. 
et al, were disputed by Novy (1925) w'ho claimed that the failure 
of M. tuberculosis to develop in the experiments conducted by 
these workers may be ascribed to desiccation of the medium, and 
not to the absence of CO 2 . 

Rockwell (1924) believed that anaerobes are stimulated in 
their development by carbon dioxide, and on this as a basis 
advised the use of sodium bicarbonate phosphate pyrogallol mix¬ 
ture in place of the usual NaOH pyrogallic acid combination. 

There is a fundamental difference between the theory that CO 2 


JOVBMAL or BACTBEXOI.OOT, VOL. XIV, NO. 2 



134 


GEORGE VALLEY AND LEO F. RETTGER 


merely stimulates cellular activity and the conception that bac¬ 
teria have an absolute CO 2 requirement. 

The latter conception can be proved only by the removal of 
(^Oa from the environment. The chief aim of the present work 
was to determine by direct procedure whether bacteria cease to 
grow when completely deprived of this agent, under conditions 
otherwise highly favorable. 

I'he conclusion that all of the different organisms studied 
require CO 2 was arrived at by the use of what must be considered 
an adequate system of controls. Thorough checks on experi¬ 
ments which involved the use of a dehydrating agent like strong 
NaOH solution appeared especially important. 

Over one hundred different organisms (109) representing 
widely different families and genera were employed. Not all were 
inhibited in their growth with the same degree of ease. For ex¬ 
ample, the following were very readily arrested: Proteus vulgaris, 
C. diphtheriae, Boot, abortus, Boot, pullorum, Bact. gaUinarium, 
Bad. pneumoniae and Bad. typhosum. Others required very 
exacting technique to reduce the CO 2 content of the atmosphere 
and the medium below the growth minimum. To this group 
belong Bad. paralyphosum A, B and C, Bad. anatum, Bad. 
typhu-murium and Bad. aerogcnes. 

Some of the organisms which were easily inhibited by the 
removal of COs in turn grew much better in an atmosphere con¬ 
taining added CO 2 (1 to 10 per cent) than in ordinary atmosphere 
(0.03 per cent). Bad. abortus and L. acidophilus were good ex¬ 
amples of this group. 

There is some evidence that the COj requirements of members 
of the same species may vary, and that the same strains may 
have different requirements at different times. Further evidence 
is needed, however, to arrive at definite conclusions regarding 
this phase. 


SUMMARY 

The following conclusions seem warranted, as the result of the 
present investigation. 

The carbonation of ice cream under ordinary atmospheric 
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pressure is a negligible factor in the reduction of numbers of 
viable bacteria in the stored product. 

CO 2 treatment of raw milk at the same pressure likewise results 
in little or no bacteria-inhibiting or destroying action. 

Pure culture studies with different bacteria showed a striking 
parallelism between bacteriostatic or bactericidal action and H- 
ion concentration, and it is cjuite evident that any harmful action 
brought about on bacteria by CXlj is due to increased H-ion con¬ 
centration. By sufficiently buffering the medium increase of 
H-ion concentration by the ('Oi may be ])revented or so influenced 
as not to reach a point at which bacteria are unfavorably affected: 
and to demonstiate inhibition corresi)ondingly larger amounts of 
('Os are required. 

The removal of carbon dioxide from an environment which is 
otherwise favorable to development results in complete cessation 
of bacterial growth. This inhibition is easily accomplished with 
some organisms, while for others a very exacting technique is 
required. Small amounts of CO 2 added to the natural atmos¬ 
pheric environment (0.03 per cent) may and often do stimulate 
bacterial action and increased growth, as for example with Boot, 
abonus and L. acidophilus. 

Anaerobic organisms also appear to require C()» for their de¬ 
velopment and continued existence. 

From the results obtained in this investigation with more 
than 100 different organisms representing various families and 
genera the conclusion is forced upon one that carbon dioxide is 
necessary to the growth and development of the bacterial cell. 
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C;OLOR DIFFUSION IN ENDO AGAR 

KMZABETH F GENUNG and LUCY E. THOMI’SON 
Department of Botany^ Smith College^ Xorlhampton, Miisfiachusetta 
Ueruivod Uiv puMication, Dcuumhor 0, 1026 

Bacteriologistri ha\e long recognized the need for a reliable 
test to detect the presence of colon organisms and to differentiate 
between the various species of that group. In l‘.)04 Endo pub¬ 
lished a test which has been recognized ever since as a valuable 
and a desirable one. ft has been widely used, especially in this 
country, for studying members of the colon group of bacteria. 

This medium contains an indicator in the fonn of decolorized 
basic fuchsin. When Bud. coli is grown on Endo agar it brings 
about a reaction which leads to a restoration of the color of the 
fuchsin in the colony while other bacteria have no such effect on 
decolorized fuchsin. 'I'liis is an excellent and efficient method 
for detecting Bad. coli in contaminated materials, but it has 
certain disadvantages which have not, as yet, been entirely 
overcome. 

1'he method for making this medium is described by Endo as 
follows: 


Neutral .3 per cent IhdU) lOOO cc- 

Lactose (- V. lOKrams 

Mcoholic fuchsin 5 0 cc. 

10 ];)er cent sodium sulphite solution. 2 5 cc. 

10 per cent sodium carhonate, solution. 10 0 cc 


Cook the agar broth well, iilter, neutralize and then add 10 cc. of a 
10 per cent solution of sodium carbonate to make it alkaline. Then 
add the lactose and fuchsin solution. This will make the medium red. 
Now add the sodium sulphite solution which will gradually decolorize 
the medium so that it will be entirely colorless when the agar is cold. 
After the medium has been put into tubes or flasks, it is sterilized for 
thirty minutes in the autoclave. 
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Precautions 

1. The lactose must, bo chemically pure, for the commercial lactose 
contains ordinary cane sugar with which the typhoid bacillus will make 
acid and it will be verj' hard to distinguish it from the colon bacterium. 

2. The sodium sulphite solution must be stored in a tight ly stoppered 
flask or made up fresh. 

3. The alcoholic fuchsin must be filtered beforehand. 

4. The medium must be stored in the dark, otherwise by e.xposure to 
light the red color returns. When the medium is used, it is melted and 
poured into sterih* plates and left standing uncovered in a dust free 
place until the plates harden. After they have hardened the plates 
will be colorless and transparent. 

GROUPS OF COLON RACTEUIA 

There are four distinct classes of organisms belonging to the 
colon group which are classified according to their ability to 
ferment ordinary laboratory sugars: 

a. Those organisms which ferment glucose and lactose with the' 
production of both acid and gas in each. 

h. Those which produce acid and gas in glucose, but which do not 
ferment lactose. 

c. Those which produce acid only in glucose and lactose. 

d. Those which produce acid only in glucose and do not ferment 

lactose. 

The individual species within these groups ferment various other 
sugars, but for the purpose of this article these reactions are not 
essential. 

Because of the varying ability of these organisms to ferment 
lactose, it is possible to detect members of the groups outlined 
tibove on Endo agar. Those which ferment lactose with the 
production of acid and gas are able to restore the color of the 
decolorized fuchsin, while those which produce acid only in 
lactose restore but a faint pink color, and the colonies of those 
organisms which do not ferment lactose remain colorless. 
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THEORIES FOR COLOR PHENOMENA IN' EN'DO AGAR 

The reason for this color phenomenon has been explained in 
various ways by different workers, Endo (1904) explains it as 
follows: 

The chornislry of the color change in the inediuin is caused by the 
following means: Fuchsin contains essential acid salts of rosanilin, 
CsIIisNalK’l. Rosanilin is a colorless, so-call(‘d leucko-base which w'ith 
different acids, such as lactic acid, hydrochloric acid, etc. produces a 
red color. The acid compound of red rosanilin salts, is easily leduced 
through a reducing agent such as sodium sulphite. This, the colorless 
rosanilin combin(>s with, through the production of acid by the colon 
bacillus, and tlie medium becomes a bright red. 

Harding and Ostenberg (1912) conunenting on Endo's explana¬ 
tion of the chemical change causing the restoration of color say 
that it offers a plausible explanation which seems to have been 
accepted, but it apparently was not based on experimental 
investigation. .V sununary of the explanation of the color 
phenomenon, by these authors, is, that the colorless solution 
obtained by adding fuchsin to sodium sulphite or sodium bisul¬ 
phite or sodium dioxide in solution is used in chemical analysis 
for the quantitative detennination of aldehydes. This solution 
is known as Schiff’s aldehyde reagent. Acids do not gi^•e any 
color test with this reagent and, if present in sufficient quantity, 
prevent aldeh 3 ’^des from giving it. These authors quote A'ietski 
as giving the following reaction between fuchsin, sodium sulphite 
and aldehydes: ‘'Rosanilin and pararosanilin form with sulfurous 
acid and the alkali bisulfites colorless, easily decomposed com¬ 
pounds. By the action of aldehydes upon these bodies peculiar 
violet dyes are formed.” 

Robinson and Rettger (1916) have still another theory. They 
explain the reddening of the colon colonies by the presence in 
the medium of decomposition products of lactose, such as lactic 
acid and some acetic acid. These acids cause oxidation of the 
colorless leuco-base to the fuchsin color product. The decolori- 
zation, which takes place if the plate is allowed to stand long 
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enough, is due to such alkalis as anunonia and amines, which are 
formed from the peptone and the beef extract. 

DeBord (1917) performed some experiments to test the effect 
of acid alone, combinations of acid and formaldehyde, and form¬ 
aldehyde alone on decolorized basic fuchsins as well as on Endo 
agar. He thinks the reaction is an acid-aldehyde reaction and 
that the presence of an aldehyde is necessary to it. 

MODIFICATIONS OF ENDO’s METHOD 

This medium has become generally known as Endo’s medium 
or Endo agar and has been in general use in bacteriological 
laboratories since its discovery. Efforts have been made from 
time to time to modify it, in order to correct some of the defects 
which lead to a lack of uniformity of results among different 
workers. Endo added 10 grams of sodium carbonate “to make 
the medium alkaline.” This has been found to be too empirical 
a method of adjusting the reaction. Accordingly, careful titra¬ 
tion of the amount of acid with phenolphthalein as an indicator 
and the use of NaOH to adjust the reaction to the desired alka¬ 
linity has been substituted. A still more accurate method is to 
determine the hydrogen ion concentration and adjust the reaction 
by this method. 

In spite of a more carefully adjusted alkalinity, there is still 
some difficulty in securing a satisfactory medium. The chief 
trouble has probably been found with the color diffusion. Endo 
agar, prepared for use in the laboratory, develops a decided 
color on standing. Endo encountered this difficulty, and cau¬ 
tions that the medium must be kept in the dark as exposure to 
light causes a return of color. Later it was found that even slight 
amounts of acid caused the return of color in a sterile medium or 
might even prevent the complete decolorization of the agar. 
The importance of an alkaline reaction is thus emphasized. 

Robinson and Rettger (1916) state that the final reaction and 
the use of pure reagents, especially the lactose and sulphites are the 
most important factors in securing a satisfactory Endo agar. 
They recommend the use of C.P. anhydrous sodium bisulphite 
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as a decolorizing agent, since poor results have been obtained 
with both crystalline and anhydrous sodium sulphite. 

Levine (1921) has tried to solve the problem by substituting a 
dipotassium salt for the beef extract, which he believes simpli¬ 
fies the process and makes for a better differentiation between 
Bact. coll and Bact. aerogenes. He does not adjust the reaction 
of this medium, but states that “The diffusion of color due to 
the production of acid is very rapid.” 

Genung (1924) suggests that the restoration of color may be 
due to the pepton, having found two different brands of pepton 
resulted in marked differences in the color on sterile Endo agar 
plates incubated for twenty-four hours. 

Harris (1925) finds that the hydrogen ion concentration and 
the brand of pepton, both have definite effects on the restoration 
of color in uninoculated plates. 

IMPORTANCE OF A CLEAR CUT REACTION IN DETECTING THE KIND 
OF ORGANISMS PRESENT ON THIS MEDIUM 

There is a marked difference in the degree of color produced 
by different species of the colon group of bacteria on this medium. 
Bact. coli colonies produce a deep, iridescent, fuchsin red, while 
the Bact. aerogenes colonies are a rose pink. Bact. dxjscnteriae and 
Bad. para-typhosum A have pale pink colonies, while Bad. ty- 
phosim and Bact. typhosum B colonies remain colorless. If the 
medium becomes highly colored, it diffuses into the growth so 
that typhoid colonies, for example, may become pink and re¬ 
semble the colonies of dysentery or of Bact. aerogenes. It is 
important, if careful differentiation is desired, to have a medium 
which will remain colorless, except in the region of the colonies. 

For several years the writer experienced considerable difficulty 
in securing a colorless Endo agar for class room work. Various 
brands of both crystalline and anhydrous sodium sulphite were 
tried and care was taken to have the reaction decidedly alkaline, 
but these precautions did not eliminate the difficulty. In con¬ 
nection with some laboratory experiments, Endo agar had been 
made up with two different brands of pepton. In testing the 
sterility of this agar by twenty-four hours incubation of the 
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plates, it was found that the plates made from the “Difco” brand 
of pepton, ordinarily used in this work, were a decided pink; 
while those made from Witte’s pepton remained colorless. All 
the plates were sterile. This led to further tests and a series 
of experiments were undertaken to study the effect of different 
brands of pepton on the color diffusion. 

MODIFICATIONS NECESSARY TO FACILITATE THESE TESTS 

Several modifications have been suggested by different workers 
in the preparation of this medium. None of these materially 
affects the composition as outlined in the original formula, but 
they have primarily to do with facilitating processes of prepara¬ 
tion. In choosing the formula for these experiments, it was 
thought best to use the method recommended by the Committee 
on Standard Methods of Water Analysis (1923) since that is, 
probably, the one most generally employed in public health 
laboratories. 

From the beginning it was found necessary to alter this method 
somewhat, not only to facilitate the preparation, but to elimi¬ 
nate all possible chances of contamination. The method finally 
worked out and used in these experiments is given in some detail 
here, because it has frequently been charged that the method 
used in preparation accounts for the differences in results ob¬ 
tained by different workers. The medium used in these tests 
was as follows; 

Beef extract. 5 grams 

Pepton. 10 grams 

Distilled water . 1000 cc. 

Agar. 30 grams 

The beef extract and pepton were dissolved in water and the 
agar added. The mixture was brought to a boil and autoclaved 
at fifteen pounds pressure for twenty minutes. At the same 
time the filters and flasks were sterilized. After removing from 
the autoclave the reaction was adjusted, 10 grams of lactose were 
added and the medium filtered into flasks. It was again auto¬ 
claved at ten pounds pressure for fifteen minutes. 
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When ready for use, to each 100 cc. of the agar was added 10 
cc. of a 2.5 per cent solution of sodium sulphite in which 0.5 cc. 
of an alcohohc solution of basic fuchsin had been decolorized. 
It was immediately poured into plates and allowed to harden 
before replacing the covers. 

ITie method which was used for titrating the reaction was the 
colorimetric one recommended by Jordan (1924). To 4 cc. 
of heated distilled water was added 1 cc. of the agar and five 
drops of Brom Thymol Blue as indicator. The medium was 
carefully adjusted to the desired hydrogen ion concentration and 
the reaction rechecked. This method was found to be most 
satisfactory as the highly diluted agar reduces the error caused 
by the masking of the color of the indicator in a less dilute medium. 
It also checked with the other methods in accuracy. 

TESTS W'lTH DIFFERENT BRANDS OF PEPTON 

The first factor which was tested was the pepton factor. Six 
different brands of pepton on the market for culture media work 
were secured. They were Witte’s, Armour’s, Difco, Fairchild’s, 
Parke-Davns’ and Merck’s. The latter has been discontinued 
since these tests were begun. Endo agar was prepared using 
these peptons and plates were poured. They were allowed to 
harden and then divided into three groups, one set was inocu¬ 
lated with Bad. colt and one with Bad. aerogenes while the third 
was not inoculated. Since exposure to light has always been 
thought to have an effect on the production of color, the experi¬ 
ment included this factor. Uninoculated plates were left exposed 
to the dayhght, while others were exposed to the fight of an 
ordinary electric fight bulb. The remainder were kept in the 
dark. It w'as found to be inadvisable to inoculate the daylight 
plates as the colonies never grew well. Table 1 shows the results 
of this experiment. The work was carefully rechecked many 
times at varying intervals and the results were found to be 
uniform. 

There is the least return of color in the plates containing 
Witte’s pepton agar while Armour and Merck pepton agars show 
the greatest amount of color. The amount of color at the end 
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of twenty-four hours incubation was comparatively small even 
in those plates which were exposed to light, when plates made 
from the same pepton were compared. After being incubated 
for an additional twenty-four hours, there was still practically 
no difference in the relative amounts of color in plates of agar 
made from the same brand of pepton, whether the plates 
were incubated in the dark, in artificial light or exposed to 

TABLE 1 

The effect of peptones and light on restoration of color in endo agar 


1 


1 DARK INrtJBATOR 

LIGHT INCUBATOR 

PEPTONE 

DAYLIGHT 




SXPO0UUB 

Inocu¬ 

lated 

Not 

inoculated 

Inocu- Not 

lated inoculated 


After twenty-four hours 


Witte.. 



— 


— 

Parke-Davis. 

+ 

•f 

4- 

— 

— 

Fairchild. 

4- 

+ 

4- 

-f-b 

4-f 

Difco. 

+ 

-t- 

+ 

4- 

4- 

Merck. 

++ 

4-4- 

4-4- 

++ 

4- 

Armour. 

++ 

4-4- 

4-4- 

-f'4- 

4-4- 

After forty-eight hours 

Witte. 

+ 

4-h 

— 

-+-++ 

4- 

Parke-Davis. 

4-4--4-4- 

4-4-4- 

4- 

!+++'+ 

-f 

Fairchild . 

4-+ 

4-f-l- 

4-4- 

+ + + 

4-4- 

Difco. 

+-1- + 

-t-++ 

-I-+ 

4-4-4-4- 

4- 

Merck. 

4-4-4- 

4-4-M-4- 

4-4- 

4-4-4-4- 

4- 

Armour. 

4-4- 

4-4-4-4- 

4-4- 

++++ 

+ 


— no color visible; 4- faint pink tinge; distinct pink ting<i; -f-f-f whole 
plate rose pink; + 4- + 4- whole plate deep rose red. 

daylight. The return of color after the first twenty-four hours 
incubation was more marked and took place more rapidly than 
during the first period. 

The different brands of pepton were tested for their pepton 
content by a chemist. The results of these tests are shown in 
table 2. This table shows their comparative solubility and the 
color of the solutions. According to the biuret test these pep¬ 
tones vary considerably in their actual pepton content. An 
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interesting fact may be pointed out in connection with the 
Parke Davis product. This firm discontinued their old brand 
of jiepton and replaced it with a new brand which they labelled, 
“ Bacteriologic Pepton.” Tliis new product gave a negative 
biuret test while the discontinued product was fairly hi^ in 


TABI.K 2 

7V.s7.s‘ for Pepton Content 
Solutions: 1 gram in 1(X) cc. ot cUstillod water 


WHAVl* 


j HOLLTIOV 

j tOLOHOKSOH.- 
1 TION 

i 

BrURBT 

TEST* 

REMARKS 

Witte .. . . 

70 

Heavy .sus- 

! Colorless 

-f-f 



1 

pension 

1 



Parkc-Davis 

6 4 1 

Slight sue- 

! Very slight 

+ -f 




jionsion 

coloration 



tl’arkc-Davis 

1 

: Slight sus- 

! Very faint 


Not rose pink 


; 1 
1 

1 

1 

1 ficnsion 

1 

1 

i 

1 

1 yellow 

1 ! 

i 1 

1 

i 


of true pep¬ 
tone . Purple 
with strong 
pink tinge. 

Fairchild 

! 

j.4 

1 

i 

1 Not [H^rfoct 

1 

1 

Deeyi yellow 

! 

i 


A large excess 
of 40 per cent 
XaOH brings 
out the biuret 
pink 

Difco. 1 

7 0 

Perfect 

1 Faint yellow 

4" 


Armour. 

6 2 

Perfect 

Faint yelow 

4- 


Merck. i 

4 0 

Fine suspen¬ 

Orange 

-* 

With excess of 



sion 1 

! 

1 

! 


i 

40 per cent 
NaOH color is 
purpose-pink 


f positive test: 4--1- strongly positive test; — negative test. 

* One cubic centimeter of I per cent XaOlI 3 drops of 2 i>er cent CuS(> 4 . 
t New product of the Parko-Davis Oompany called “Bacteriologic Pepton.” 


pepton content. Another fact wliich this test brought out was, 
that Witte’s pepton, which seems to inhibit the return of color 
to a greater extent than other brands, contains a heavy insoluble 
precipitate in water which does not dissolve when the mixture is 
heated. 

Since the reaction of the medium appears to influence the 
amoimt of color production, the agar was adjusted to various 
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reactions from pH 7.0 to 7.8. It was found that the growth 
of the organisms was inhibited when the range was above pH 7,6 
and that a pH of 7.0 was not alkaline enough, since the plates 
were all highly colored. A careful test was made of the com¬ 
parative effects of pH 7.2 and 7.4 on the color. These results 
are shown in table 3. There is relatively little difference in the 


TABLE 3 


T/tf relaiitm of n ocHoyi of medium to rcsloratioit of color 
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44 

Armour . 

4 

! + 

i 1 
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4 


44 4 

444 


— no color visible; -f faint pink tinge; -f+* distinct pink tinge; 4“ f-f- whole 
plate rose pink; whole plate deep rose red. 


amount of color production in the different i)epton agars between 
the two reactions. A pepton which does not inhibit color pro¬ 
duction has about the same depth of color in both reactions. 
After forty-eight hours incubation, the color is more nwirked in 
the pH 7.2 plates. Since there was this slight difference, the 
reaction pH 7.4 has been used in all subsequent work. 
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FUCHSIN AS A FACTOR IN COLOR DIFFUSION 

During these tests it becjune evident that the fuchsin played 
an important part in the return of color. Accordingly a careful 
study was made of this factor. Endo (1904) stated that 5 cc. 
of basic fuchsin was to be added to each liter of agar. He gave 
no directions as to the strength of the solution, only stipulating 
that it must be filtered. Later authors recommended a satu¬ 
rated alcoholic solution of basic fuchsin. A saturated alcoholic 
solution of basic fuchsin is usually made by adding one part of 
the dry fuchsin to ten parts of flf) per cent alcohol. "Phis mixture 
is allowed to stand twenty-four hours then the supernatant fluid 
is filtered off and used in the Endo agar. 'Phe common practice 
is to add "> cc. of this fuchsin solution to each liter of agar, together 
with 10 cc. of a 12.o pei- cent solution of sodium sulphite to 
decolorize the fuchsin. 

DIFFICULTIES EN(T)I'\TERKD WITH .4.MEniCA.N FUCHSIVS 

^\hen American brands of fuchsin came into the laboratory, 
much difficulty was encountered in decolorizing the agar by this 
method. It was found to be more satisfactory to add the fuchsin 
to the sulphite solution before adding it to the agar. "Phis method 
resulted in the disco\'ery that different makes of American fuch¬ 
sin did not decolorize in the sodium sulphite solution in the 
previously mentioned proportions. The fuchsin not only failed 
to become decohu-ized, but fonned a thick, flocculent precipitate 
in many cases. Careful tests of a large number of fuchsins were 
made, in order to disco\ er their ability to become decolorized in 
the sodium sulphite solution. I'he results of these tests have 
already been published ((lenung, lt)2()a) so that it is necessary 
to give only a brief summary here. 

It was found that different lots of fuchsin, even from the same 
finn, vary in their solubility in alcohol (Conn, 1923) and that 
further dilution is often necessary before they will be decolorized 
by the sodium sulphite solution. A scheme was devised whereby 
each new lot of fuchsin could be tested for this property. A 
series of dilutions of the saturated, alcoholic solution of the 
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fuchsin were made and each was tested in a sodium sulphite 
solution of the same strength and in the same proportions used 
in Endo agar. The lowest dilution which was decolorized by 
the sodium sulphite solution was used in the agar. This was 
further tested by inoculating plates made with this solution of 
the fuchsin with known organisms. Bact. coli and Bad. aerogenes 
were used and if these organisms produced characteristic reac¬ 
tions on the agar, the dilution was considered satisfactory. It 
was also found by these tests that some fuchsias were never 
satisfactory. They either would produce too much color in low 
dilutions or too little color in higher dilutions or sometimes they 
were not sufficiently decolorized by the sodium sulphite solu¬ 
tion, even in high dilutions, to make it advisable to use them for 
this work. 

When carefully tested and properlj' diluted fuchsin was used 
there was the same general variation in color return in the plates 
of agar made from the different peptones. These varia¬ 
tions remained uniform throughout the experiments. If a p>ep- 
ton did not inhibit color production in the agar, its effect was 
only accentuated when too strong a solution of fuchsin was used; 
while a pepton which inhibited the color production had a deeper 
color in the stronger fuchsin solutions. It would seem that the 
fuchsin factor is an important one, but at the same time, one 
capable of solution. 

THE EFFECT OF LIGHT ON COLOB PBODUCTION 

As was noted in a previous paragraph, experiments were 
carried on to test the effect of exposure to light on the return of 
color in Endo agar. Various tests of this factor were made. 
In each batch of plates a certain percentage were exposed to 
both daylight and artificial light. Tubes and flasks of the agar 
were also exposed to light and compared with duplicates kept 
in the dark. 

The results of these tests with the plates are recorded in table 
1. They seem to indicate that light as a factor in the return of 
color in Endo agar is fairly negligible. When exposed to artificial 
light or daylight, the plates developed very little more color than 
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those kept for the same length of time in the dark. The different 
peptones showed characteristic reactions in either case. Those 
where the color diffusion was marked developed the same degree 
of color in the dark as in the light. Those peptones which 
inhibited color production developed but little color in the light. 
After twenty-four to thirty-six hours incubation, the return of 
color was more rapid in the light, but they all ultimately became 
a deep, dark red at the end of forty-eight hours. Artificial light 
had less effect on the rapidity of color diffusion than daylight. 
This fact is rather interesting, since the workers in one laboratory, 
known to the writer felt they could not use Endo agar because 
their incubator was heated with electric light bulbs. Agar 
treated in the same way in larger masses, such as tubes and flasks, 
showed even less effect of light. The return of color was more 
gradual than in the plates, but it seemed to be uniform in either 
condition. 

ORGANISMS USED TO TEST THE EFFICIENCY OF THE MEDIUM 

In all these experiments, two organisms were used to test the 
effects of these different factors on the agar. Bact. coli and Boch 
aerogenes were chosen because they produce definite, but different 
reactions on Endo agar. Bact. coli gives a characteristic, iri¬ 
descent, fuchsin red colony; while Bact. aerogenes produces a rose 
pink color in the growth. Before completing the test of any one 
factor or combination of factors, inoculations were made with 
other organisms to compare their reactions with those ordinarily 
used. For these further tests Bact. typhosurn, Bact. paratypho- 
sum A, and Bact. paratyphosum B were used. 

The results of the tests with these organisms showed th^t where 
the medium developed a deep red color, it would often diffuse into 
the colony and cause a normally white colony to become a rose 
pink. 

MODIFICATIONS OF ENDO's MEDIUM SUGGESTED BY DIFFERENT 

EXPERIMENTERS 

There have been several attempts to alter the composition of 
Endo's Medium in order to improve it and to obtain more uni- 
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form results. Robinson and Rettger (1916) found that sodium 
bi-sulphite used as a decolorizing agent, gave more satisfactory 
results than sodium sulphite and they recommended its adoption. 
Levine (1921) finds that the substitution of dipotassium phos¬ 
phate in place of the beef extract gives better results, especially 
in the differentiation between certain species of the colon group 
of bacteria. 

Some workers use 1.5 to 2 per cent agar instead of 3 per cent 
agar. Levine advocates 2 per cent agar in his method. Certain 
manufacturers are putting a dehydrated p]ndo agar on the 
market, the exact ingredients of which are not always known to 
the laboratory worker. Since all these changes and modifications 
may enter into the problem of color production, they were studied 
and compared with the standard method. 

In working with the method suggested by Robinson and Rett¬ 
ger (1916), it was found that when sodium bisulphite-fuchsin 
solution w'as added to the agar and the plates inoculated, no 
growiih appeared. The agar was apparently too acid for bacteria 
to grow since sodium bisulphite is highly acid. Tests were made 
to ascertain how best to overcome this difficulty and it was found 
that by adjusting the reaction of the agar to pH lO.O before 
adding the sodium bisulphite solution, the final reaction would 
be about pH 6.8. Plates were made from this agar but the growth 
wes very scanty or, in some cases, no growth at all appeared. 
.Several failures to use this method successfully resulted in its, 
being discarded for these experiments. 

Levine’s method was carefully tested. He states that it is 
not necessary to adjust the reaction, but in these tests plates were 
made from unadjusted mediiun and from the medium adjusted 
to pH 7.2. The reaction of the agar made from the different 
peptones varied considerably, ranging from pH 6.4 to 6.8. When 
plates of the Endo agar, containing these peptones and made 
according to Levine’s formula, were inoculated with Boot, coli 
and Bad. aerogenes, the results were interesting. In none of the 
plates did the Boot, coli colonies show the characteristic fuchsin 
red, on the contrary all the colonies were a deep rose red; those 
of Bad. coli being a trifle deeper color than those of Bad. aero- 
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genes. In the plates adjusted to pH 7.2, the colonies were a 
fainter pink or, in some cases, there was no color at all. There 
was no return of color in the agar in any of the plates at the end 
of twenty-four hours incubation. This did not seem to be a good 
medium for differentiating between Bact. coli and Bad. aerogenes. 

The use of dehydrated Endo agar and of the standard Endo 
agar containing only 1.5 per cent agar were tried but the color 
in both cases was very marked. Neither method seemed to 
offer a solution to the problem. 

In a previous article (Genung, 192()b), the writer has attempted 
to show that the hydrogen ion concentration of the pepton has a 
direct effect on the return of color in the fuchsin-sulphite solution. 
The different brands of peptones, as will be noted in table 2, 
differ in their acidity, ranging from a fairly high acidity in the 
case of Merck’s to neutrality in Difco’s and Witte’s peptones. 
Wlien the decolorized fuchsin was added to these pepton solu¬ 
tions, the color returned immediately in those which had an acid 
reaction and did not return at all in the neutral solutions. After 
all the solutions of i^epton were adjusted to pH 7.0, no color 
returned upon the addition of the fuchsin-sulphite solution. The 
adtiition of a very minute amount of a weak acid solution and a 
small quantity of formalin restored the fuchsin color completely. 
I’his bears out the theory suggested by DeBord (1917) that 
the return of color in the colonies of the colon group on Endo agar 
is an acid-aldehyde reaction and not due to the presence of lactic 
acid alone. 

Since the presence of very small amounts of acid and aldehyde 
affect the return of color to a marked extent, and since the pep¬ 
tones vary considerably in their actual pepton content, it is 
interesting to speculate as to their true composition and to ques¬ 
tion whether the presence of simple protein and carbohydrate 
compounds may not be, to some extent, responsible for the return 
of color in Endo agar. It is possible that there may be some 
significance in the fact that those brands of peptones which pve 
positive biuret tests are the most nearly neutral in their reaction 
and have the least diffusion of color in the agar, while those which 
give a negative pepton test are highly acid and the color produc¬ 
tion is rapid and profuse. 
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SUMMABY 

One of the disadvantages of Endo agar as a differential medium 
for use with the colon-typhoid group of bacteria is the return of 
the fuchsin color in the agar of both inoculated and uninoculated 
plates. This color may spread into the colony and hamper 
identification. 

These experiments were conducted to find out, if possible, 
what factor or combination of factors caused the return of color 
and what could be done to prevent it. The formula recommended 
by the Committee on American Standard Methods of Water 
Analysis (1923) was used for preparing the agar for these tests. 
Certain modifications recommended by different workers were 
also tried, but they seemed to have no advantage over the 
Standard Method for eliminating color diffusion. 

The effect of different brands of pepton, of different kinds and 
dilutions of basic fuchsin and of sodium sulphite and sodium 
bisulphite as decolorizing agents were tested. The reaction 
of the agar and the effect of exposure to light were also considered. 

It was foxmd that the two most important factors in color 
production seemed to be the kind of pepton and the strength of 
the alcoholic solution of the basic fuchsin, used as an indicator. 
Peptones giving a positive biuret test seemed to inhibit the 
color production more definitely, than those which gave a nega¬ 
tive test for pepton content. 

The American fuchsins differ in their solubility in alcohol so 
that a fuchsin carefully tested for the proper dilution is less apt 
to cause return of color in the agar. Sodium sulphite is far more 
satisfactory as a decolorizing agent than sodiiun bisulphite. 

The reaction of the medium is also important and should be 
adjusted to at least pH 7.4 as acidity causes a rapid return of 
the color. Exposure to light is a fairly negligible factor as com¬ 
pared with the others. 


CONCLUSIONS 

This study of color production in Endo agar has not entirely 
solved the problem, but it is clear that it offers certain possibilities 
whereby the condition may be improved. 
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Endo agar is an excellent medium for detecting the presence 
of and differentiating between different members of the colon 
group of bacteria. In order to secure clear cut results, it is 
desirable to have as little restoration of color in the agar as 
possible, during the incubation period. Several factors seem to 
affect this return of color, many of which may be modified or 
controlled. 

The peptones used in preparing the agar may have an effect 
on the production of color and this seems to be in direct correla¬ 
tion with their actual pepton content. 

The reaction of the medium is important in checking color 
diffusion. A decidedly alkalin reaction, ranging from pH 7.2 
to 7.6, does not affect the growth of the bacteria and, at the 
s:une time, prevents a too rapid return of color in the plates. 

The strength of the fuchsin solution affects the production of 
color. Since the different lots of American fuchsins, appearing 
on the market, differ in their solubility in alcohol, it is more 
satisfactory to use a fuchsin which has been carefully tested for 
its ability to be decolorized in the sodium sulphite solution. 

The effect of light on the return of color during the first twenty- 
four hours is fairly negligible, and, if other factors are carefully 
controlled, this factor need not be considered. By adding the 
fuchsin-sulphite solution immediately preceding the pouring of 
the plates any problem of return of color during storage may be 
eliminated. 

Various modifications of Endo agar have been suggested, but 
none of them seem to have any marked advantage over the 
standard method. On the contrary, some of them do not appear 
to be as satisfactory as the standard method. 

Endo agar, made up with a high grade of pepton and a care¬ 
fully tested solution of fuchsin, together with a carefully adjusted 
alkalinity, is an excellent differential medium for studying mem¬ 
bers of the colon-typhoid group of bacteria. 
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The use of the motion picture camera with the microscope 
offers advantages in bacteriological research which cannot be 
entirely fulfilled by still photography or by the camera lucida. 
Chief among these advantages is the opportunity for continuous 
record of every phase of development at a minimum expenditure 
of time on the part of the worker. 

Biologists, in the past, have devised various forms of motion 
picture apparatus to gain this advantage of a continuous photo¬ 
graphic record of the movement of leucocytes, the mitosis and 
growth of cells in tissue culture, and the circulation of corpuscles 
in the capillaries. Undoubtedly, the published descriptions of 
mechanisms used sind the films obtained do not include all the 
attempts which have been made to apply motion photomicrog¬ 
raphy to the solution of biological problems. References to 
some of these accounts are cited in the bibliography. The con¬ 
tributions to anatomical and physiological knowledge contained 
in these reports give e\'idence of the value of the method. These 
reports, however, did not influence the development of the ap¬ 
paratus to be described in this paper. Recent improvements in 
the motion picture camera and film permitted us to use “stock" 
material in making an apparatus which is relatively simple in 
construction and easy to operate in a bacteriological or biologi¬ 
cal laboratory. 

Hitherto, the use of motion pictures for such study has been 
limited by the cor iderable expense involved in the purchase of 
standard (36 mm.)"motion picture equipment and by the difliculty 
and inconvenience involved in the processing of 35-mm. film. 
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Both of these difficulties have been minimized by the advent of 
the 16-mm. film and the equipment for its use. 

A model A Cin6 Kodak was used in these experiments. The 
camera was recommended by the Eastman Kodak Company as 
being much better suited to the needs of photomicrography 
than the Model B which is intended only for general photography. 
The taking lens of the Model A had to be removed, otherwise no 
changes in the stock camera were required. 

The auxiliary equipment for successful motion photomicrog¬ 
raphy of living organisms may be classified under two heads: 

(1) A viewing device which will permit of accurate focusing and 
adjustment of the object within the confines of the small picture 
frame of the Cin6 Kodak film. Both of these factors should be 
under the control of the operator wffiile the picture is being made. 

(2) An automatic exposure device which will take pictures at 
interv'als commensurate with the activity of the organism. Such 
a timing device should work with as little vibration as possible 
and should be capable of large variation in the frequency of 
exposure. 


THE VIEW FINDER 

Either the demonstration eyepiece or the binocular microscope 
seemed to offer a possible solution to the need of inspecting and 
focusing the object while pictures are being taken. Both of 
these were tried with indifferent success. The principal difficulty 
with either was that excessive magnification was unavoidable. 
In order that the focus of the virtual image seen in one eyepiece 
should coincide with the focus of the real image projected on the 
fihn by the other eyepiece, it was necessary to place the camera at 
a distance of approximately 25 cm. from the microscope. When 
this was done, it was foimd that the size of the field included by 
the frame of the Cind Kodak film was disappointingly small, 
less than one-hundredth of the area seen in the other ocular. The 
resulting magnification was much greater than necessary for most 
subjects. 

After trying one or two other devices for viewing the field, 
it was decided to construct a beam-splitting attachment to meet 



Fig. 1. Longitudinal Section op View-Finder 

A, glass cube, right-angle prisms, with reflecting surface, B, aperture with 
flanged joint to fit camera tube, C, plane of image formed in view-finder, with 
mask corresponding to film slit, Z), eye-lens, E, tube with fixed diaphragm to 
prevent internal reflection, F, field lens. 
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OUT special requirements. The microscope adapter illustrated 
in figure 1 was the result. The essential part of this device is 
the glass cube A. It is made up of two right angle prisms. The 
face of one was silvered by cathode sputtering and the two sub¬ 
sequently cemented together. The silvered face transmits about 
10 per cent of the incident light, reflects about 85 per cent, and 
absorbs about 5 per cent. The reflected portion of the light 
passes out of the aperture B toward the film. The transmitted 
portion forms an image in the plane C. In this plane an opaque 
mask of the same size as the Cin6 Kodak frame designates the 
limits of the field. The film and visual frame are equidistant 
from the center of the glass cube so that when the focus is sharp 
at C it is also sharp on the film. A field lens, F, of 4 cm. focal 
length collects the light from the visual image and an eye lens D 
magnifies this image about six times. A tube E with a fixed 
diaphragm to prevent reflections from the inside of the micro¬ 
scope barrel fits into the end of the microscope in place of an 
ocular. 


SUB-NORMAL TAKING SPEEDS 

For reactions such as the growth of bacteria or fungi, it is of 
value to speed up the rate of change as seen on the screen. If 
several hours change can be condensed to a viewing time of several 
minutes, there results a great saving of fihn and an added value as 
scientific record or material of educational interest. The usual 
type of stop motion apparatus for motion picture work is some 
form of clock controlled intermittent mechanism which will make 
exposures at predetermined intervals. The adaptation of such 
apparatus to the Cin6 Kodak presented some difficulties of me¬ 
chanical construction and it was decided to try a continuous 
movement driven by an electric motor through wonn reduction 
gears. A small 2 J 0 b-P- universal motor was used which has a 
no-load speed of about 2000 r.p.m. on 110 volts. It was found 
that by decreasing the voltage the speed of the motor under no 
load could be decreased to about 500 r.p.m. without too great 
loss of driving force. For pictures of the development of bacteria 
a speed of about 1 to 2 pictures per minute was judged to be 
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desirable. Since the Cin6 Kodak is geared to make 8 pictures for 
a single revolution of the crank shaft reduction gears were re¬ 
quired which would give a ratio of 1:4000. Two worm and spur 
gears were used in series and moimted together in a housing. 
Each of the gears had a ratio of 1:72 and 1:92 so that with this 
arrangement it is possible to get exposure speeds ranging from ^ 
per minute to 10 per minute by the use of rheostat control of the 
voltage. 

When the camera is running at these extremely slow speeds, the 
actual time of an exposure is very much greater than at the nor¬ 
mal exposure rate of 16 per second. With pictures made at the 
rate of 1 per minute, the exposure time is one-half minute and the 
light intensity may be reduced to a very low level. This is a 
decided advantage when working with organisms which might 
be injured by the intensity of the light required for short exposure 
time. 


THE MICROSCOPE AND ITS OPTICAL EOUIPMENT 

A Bausch & Lomb microscope equipped with an aplanatic 
substage condenser, mechanical stage, and apochromatic objec¬ 
tives was used. It is believed, however, that an Abb<S type 
condenser and achromatic objectives would have served practi¬ 
cally as well. 

No oculars were used because none was necessary to get the 
required magnification and because the quality of the image at the 
image distance used was better without an ocular. It would 
have been possible, no doubt, to have obtained shghtly better 
performance from the optical system had we made use of an 
achromatic negative lens in place of an ocular to preserve the 
tube length correction of the objectives. 

It is extremely desirable in motion picture work with the mi¬ 
croscope to keep the magnification at the lowest possible value. 
The motion picture frame is a very small area compared to the 
5- by 7- inch or 8- by-10 inch-plates with which photomicrographers 
are accustomed to work. The greater the portion of the object 
slide included in the photograph, the more reliable the information 
which can be obtained from the picture. In still photography. 
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magnifications of 2000 X or more are common. Such a high value 
is not particularly imdesirable on a 5- by 7-inch plate, but if a 
magnification of this order were to be used on the 16 millimeter 
motion picttrre, one organism 4 or 5 microns in length would go 
far toward filling the field. Consequently one such organism 
would about fill the motion picture screen when the film was 
projected. Such a picture could well be said to have “empty 
magnification.” 

Because of the special importance of the relation between 
magnification and resolving power in motion picture work, it 
will not be out of place to speak briefly of the fimdamental prin¬ 
ciples which underhe the requirements of photomicrography. 
At a given tube length the magnification of an objective is 
fixed by its focal length. To this initial magnification we can 
add either by the use of an ocular or by projecting the image a 
greater distance. This added magnification we shall refer to as 
“secondary magnification.” For a given mnnerical aperture, an 
objective is capable of distinguishing a certain fineness of detail 
irrespective of magnification. It is desirable that the sensitive 
photographic material shall be able to distinguish all the detail 
which the objective resolves. 

Because of the granular structure of the image, a photographic 
material is capable of recording detail only if the dark and light 
areas which make up this detail are separated by a finite amount. 
The ability of an emulsion to record detail is spoken of as its 
resolving power and this usage is analogous to that of the same 
term applied to microscope objectives. Cin6 Kodak film has a 
resolving power of about 50 lines per millimeter. 

Returning now to the question of secondary magnification. 
If the initial magnification of the objective does not stretch out 
the detail so that the light and dark spaces of the finest structure 
which it can resolve are at least one-fiftieth of a millimeter apart, 
some secondary magnification is desirable. For example, a 
2-mm. oil immersion objective of 1.3 N.A. has a resolving power 
of about 5500 lines per millimeter for a wave-length of 480^. 
In order that the film may record this detail the magnification 
should be about llOx. For a tube length of 160 mm. the initial 
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magnification of this objective is 90x. The required secondary 
magnification is 110/90 = 1.22. Upon computing the value of 
required secondary magnification for all the objectives which it 
was intended to use, it was decided that no ocular would be neces¬ 
sary and that the camera could be placed as close to the micro¬ 
scope as was convenient mechanically. 

With the view finding device previously described the secondary 
magnification is 1.7 X which gives an ample factor of safety in 
the matter of resolving power and does not result in the loss of 
more object slide area than is necessary. 

ADJUSTMENT OP APPARATUS 

A camera stand adjustable in a vertical direction was devised 
for this work. It consists of a base plate from wliich extend 
three cylindrical tubes. Three rods supporting a top plate slide 
up and down with these tubes. The movement is actuated by a 
rack and pinion acting on one of the rods and a set screw holds 
the camera in position after the vertical adjustment has been 
made. 

The camera and motor drive unit are mounted on the stand. 
The camera lens is removed and into its place is screwed a con¬ 
necting collar to exclude extraneous light. 

The microscope is now turned so that it can be pushed up to 
the camera without making contact with either it or the stand. 

The viewing device is placed in the microscope and the object 
slide is approximately focused. The camera stand is racked up 
or down until the aperture in the viewing device and the con¬ 
necting tube of the camera are at the same height. The micro¬ 
scope is pushed gently up to the camera until the collar on the 
viewing device overlaps the tube on the camera. The collar and 
the tube make a sliding fit so that the relative positions of film 
frame and viewing frame are accurately fixed. The entire 
assembly is shown in plates 1 and 2. It is desirable when the 
exposures are to be made more rapidly than 2 or 3 per minute to 
remove a slip ring from the inside of the collar so that the camera 
and microscope will be entirely separated. This slip ring which 
is made to fit tightly in the collar on the viewing device can be 
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allowed to remain hanging on the connecting barrel. This pro¬ 
cedure will prevent the transmission of camera vibration to the 
microscope. 

It is sometimes essential that the camera stand and the micro¬ 
scope shall be supported by different tables placed close together 
but not touching each other. If work is to be done during the 
day time when the building is subject to vibration from passing 
traffic or from heavy machinery, it is necessary to support both 
tables upon shock absorbing mountings. The whole apparatus 
may be set on a platform which rests on inflated tubes or tennis 
balls. Four Spalding tennis balls of the solid variety at each 
comer of the platform are very effective in reducing vibration. 
At each corner, three of the balls should be arranged in the form 
of a triangle and kept from rolling apart by means of wooden 
frames. The fourth ball should be placed on top of the three to 
form a pjo'amid. The effect of vibration is more serious when 
working at high magnification and with preparations having free 
liquid surfaces. 

Motion pictures may be injured by vibration in three distinct 
ways, and it is well to recognize the cause of the trouble before 
attempting to apply a remedy. Vibration of high frequency 
transmitted to the apparatus results in poor definition because of 
the trembling of the image dining exposure. This effect can 
almost always be recognized by careful inspection of the visual 
frame of the viewing device. Occasionally even though vibration 
is not of the nature which causes perceptible trembling of the 
image, it may result in poor definition by jarring the objective 
out of focus if the apparatus is kept running for a long time. This 
effect is particularly troublesome if the fine focusing adjustment of 
the microscope works loosely. The obvious remedy is to tighten 
the adjustment or to provide some means of holding the tube 
firmly in position. The third difficulty is due to cranking vibra¬ 
tion. The projected picture may be of good definition but ap¬ 
pears unsteady on the screen. The cause, if it is not projection 
difficulty, may be attributable to unsteadiness of the camera on 
its support, careless cranking on the part of the operator, or 
poor alignment of mechanical parts if the motor drive is used. 
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EXPOSURE TRULS 

The problem of getting correct exposure for various conditions 
is a matter which requires a great deal of attention. Not only is 
the exposure dependent upon the equality and intensity of the 
light source, the magnification, the numerical aperture of the 
objective, and the cranking speed, but it is affected very markedly 
by the opacity and color of the specimen. 

Sending the fihn to the processing laboratory involves con¬ 
siderable delay and loss of material if the exposure was greatly 
in error. It is much better to determine an approximately cor¬ 
rect exposure by means of short length test strips, exposed in the 
camera and developed to a negative by the operator. 

To this end, the camera is loaded as usual and the four feet of 
protecting paper leader which is wrapped around the outside of 
Cin6 Kodak fihn is cranked off. The operator then proceeds to 
change whatever conditions of exposure are under his control and 
to select the best results. 

Most of the variables by which the exposure is ordinarily 
regulated, are fixed in motion photomicrography by the conditions 
peculiar to the individual subject. The cranking speed is deter¬ 
mined by the speed of movement or growth of the organism, a 
factor over which we have very little control. Other conditions 
of exposure are fixed with equal rigidity by the demands of re¬ 
solving power and magnification. The operator has only one 
variable under his complete control, that is, the intensity of his 
light source. He can exercise an approximate control over the 
intensity by the use of different light sources and by the variation 
of the voltage which he uses with these sources. The most accu¬ 
rate method of controlling the intensity, although not the most 
efficient, is the absorption of light by means of filters. Two 
classes of filters are available for this purpose, the selective or 
colored filters and the non-selective or neutral gray densities. 
The use of a blue filter (No. 49B) is recommended for two reasons, 
first because of the better performance of the objective with that 
predominant wave-length of fairly homogeneous light and second 
because of the closer relation between the visual and photographic 
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focus. It may not be possible, however, to get exactly the cor¬ 
rect amount of absorption using only colored filters and in this 
case neutral gray densities may be used to supplement the blue 
filter. 

A series of exposure trials may be made up as follows: 

1. A few pictures are exposed at the speed to be used, with no filter. 

2. A single blue filter (No. 49B) is interposed between the source and 
the reflecting mirror. 

3. A second blue filter (No. 49B) or various neutral densities are 
added. 

After the exposure series is complete, the camera may be un¬ 
screwed from the stand and taken into the darkroom. The test 
strip is cut from the roll and the remainder of the roll is wrapped 
in black paper to be kept for future test strips. 

The exposed film should be developed for five minutes at 68°F. 
in a solution of Elon-Hydroquinone tank developer such as can 
be obtained at any photographic supply house. The film can 
be handled easily in a one liter beaker. After the film has been 
fixed, an inspection will determine which has been the best 
exposure. In order to yield a good positive when the film is 
processed, the negative should show the reijuired detail when 
held over a piece of white paper illuminated by bright sunlight. 
Some experience is necessary before it is possible to select the best 
exposure by an examination of the negative. However it is 
quite simple to detect a bad over- or imder-exposure, and with a 
little experience it is possible to make surprisingly accurate 
judgment of the exposure which will be required. 

LIGHT SOURCE AND DISTRIBUTION OF FILTERS 

The source of light which we have used is a timgsten ribbon 
filament lamp, 108 watts, 6 volts, obtained from the Bausch 
& Lomb Optical Company. This was fitted with a lens by 
which the ribbon filament could be focused on the substage 
mirror of the microscope. As the heat from this source is suffi¬ 
cient to raise the temperature of the preparation above the con¬ 
denser to about 5.5°C., producing convection currents, shrinkage 
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of the agar drop, and injury to the preparation it is necessary to 
interpose a heat absorbing chamber between the light and the 
mirror. For this purpose, a small museum jar with flat sides, 
measuring 2 by 1 j by 4 inches, filled with water was used. The 
infra-red rays are effectually eliminated by this water cell. 

The long exposures due to the tjrpe of shutter used in the Cin^ 
Kodak, require great reduction of the intensity of the light. This 
reduced illumination is usually not sufficient for visual observa¬ 
tion of the object through the eye-piece when all of the filter 
densities are placed between the light source and the substage 
mirror. They were, therefore, usually divided and placed in 
different parts of the beam of light which enters the camera. 
The 49B blue filter placed between the water-cell and the mirror 
transmits sufficient light for visual control of the focus with most 
preparations. The remaining density filter was fitted into the 
side tube of the beam-splitter at its junction with the camera- 
tube. 

These parts of the apparatus and their arrangement are shown 
in plates 1 and 2 and described in the accompanjdng legends. 

BACTERIOLOGICAL PREPARATIONS 

After experiments with various types of culture-chambers and 
media, the most satisfactory results were obtained with the tabu¬ 
lar hollow-ground slide illustrated in figure 2, and with clear 2 
per cent agar of suitable composition for the organism to be 
studied. This slide is 75 mm. long, 25 mm. wide and 4 mm. 
thick. The concavity in the center is 14 mm. in diameter. The 
upper plane surface of the central table lies 2 mm. below the upper 
level of the slide and measures 10 mm. in diameter. It is sur¬ 
rounded by a moat 2 mm. across and 3 mm. deep. The culture- 
chamber is sterilized by passage through a flame or may be ster¬ 
ilized by dry heat within a receptacle, such as a Petri dish. A 
small agar plate is made on the top of the central table by placing 
melted agar on it with a sterile capillary pipette. Drops of 
agar are added until the convex surface of the agar is just slightly 
above thie level of the upper surface of the slide. When the agar 
has cooled, a few bacteria, spores of a mold or yeast cells are 
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placed on its surface by means of a platinum loop. A sterile No. 
1, 22-mm. square cover-glass is gently pressed down on the agar 
until the slide and cover-glass form a flat contact. The edges of 
the cover-glass are then sealed with a thin layer of vaseline, which 
prevents drying and holds the cover-glass in place. The moat 
contains sufficient oxygen for the development of aerobic organ¬ 
isms under the coverglass and the aerial hyphae of fungi project 
from the agar drop into the moat when the culture contains fungi 
having those forms. The problem of the proper oxygenation of 
the chamber, however, has not been entirely solved. Experi¬ 
ments are being made on a method for supplying adequate oxygen 



Fig. 2. Micro-culture Slide, Showing Depressed Central Glass 
Table and Moat 


to the culture without causing drying, shrinkage and drifting of 
the preparation. 

The organisms are seen to lie in a single plane between the agar 
and the cover-glass, in nutrient medimn which is not distorted by 
shrinkage nor disturbed by flowing fluid. They grow vigorously 
and normally here, at room temperature, 22°C., or at 37°C. 
when enclosed in the usual type of simple electrically heated 
warm chamber designed to fit the mechanical stage of a 
microscope. 

Films have been obtained showing the germination of single 
spores of a PenicilMum, the growth and branching of mycelial 
filaments, and some of the phases of the development of aerial 
hyphae and conidiophores have been photographed by selecting 
special fields. The quality of the photographs, due in part to the 
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fine-grained image obtained when the negative is re^'ersed to a 
jiositive on the Cine Kodak film, ])ennits a study of the granular 
struetine of the interior of a inyeelium. A peeuliar activity and 
movement of granules liave been oliseia ed in the film showing the 
growth of PvnicUlinm^ although this type of movement of granules 
could not be seen by the eye watching the growing preparation. 
In a film of the growth of li. nivgaiherium, elongation, slight widen¬ 
ing and transverse division of the rods are plainly shown. The 
extension of the sheet of single rods by crowding and pushing in 
this ]}icture resembles a log-jam, and during these phases, in a 
film containing a record of thirty-five hours of the growth of 
the organisms, internal granular structure of the cells is at times 
sharply deliiied on the s(‘reen. Thousands of single organisms 
jiass across the screen, affording material for statistical study 
of the size of the organisms and for studies of the morphology of 
the bacteria during jihases of their growth. 

A graphic re(*ord of the movements of Entaviocha histolifiica 
has been obtained by photographing these organisms in material 
from a patient with amoel)i(* dysentery. For this film, it was 
necessary to take the pictures at the rate of o per second in 
order to avoid blurring of the image. AMien the fihn is projected 
on the sci’een the hyaline })seudopodia, granular endoplasm, 
and the transport of red corimscles ingested by the amoeba are 
shown distinctly. 


SUMM \RY 

A new apparatus for motion })hotomicrogra])hy is described in 
this paper. The apj)aratus is relatively simple and has been con¬ 
structed in part from stock materials, using the Alodel A Cine 
Ivodak to secure com})actness and the advantages of the cheap¬ 
ness and photographic (luality i)ennitted by the IG-mm. filiii.^ 

^ It IS ('X])ort(Hl 1 hat th<‘UauNch and Lonib Optical ('oinpany, Itochosler, X. V., 
will iindorlako to nianufactnn* this apparatus Kxponenct' with the pre.sont 
lueehanisin has indicated the dcMrahility of certain improvements in the camera- 
stand and cranking ih'Mce, \\hich will bt* embodied in the new model, .\niong 
other changes, the ni‘\\ form of the a})]mratiis will contain a mechanism for making 
exposures at rates from one-half exposure per miiuiti* to the normal speed of 16 
pictur(‘s ])er second in steps based upon multiples of four. 
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Films have been obtained with this apparatus showing the 
growth of Pcnicilliimu B. mcgaiherium and the movements of 
Entamoeba histolytica. Tliese fihns provide material for scientific 
study and can be used in teaching bacteiiology and protozoology, 
d’liey indicate the suitability of the method for the general study 
of the growth and movements of microscopic organisms. 
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PLATK 1 

PiioToouvpFi OF Latkhvd Vifw OF x4pr Vll \TUS 

1. Viovv-Iindor. 

2. Flanged joint for contact with camera tuho. 

3. Microscopt' with mechanical stage and culture slide. 

4. Model (A) Cine Kodak. 

5. Adjustaltlo camera stand with motor. 

0. Control hoard with; 7, rheostat; N, switch for motor and 9, light switch 
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PLATE 2 

PnOTCUJHAPH OF A NTKHO-LaTKU A I. VlFW OF ApPATATUs 

1 Vu‘w-fin(l(M’. 

2 FJaufiipd joint lor contact witli caiiu^ni tuhc^ shj) ririfj; (liscn^a#?c<J. 
IL Alicroscopc. 

4. Water cell 

T) Holder for lifrht“filt(‘r.s 

(> r^anip, ribbon filament 6 volts, 10<S watt. 

7. Alod(4 (Aj (^ane Kodak 

S Clear bo\ attaclied to camera-crank. 

i) Motor and piilh'vs, with coilt'd sprinji; belt. 

10. Adjustabl(‘ camera stand. 
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A (^O]\lPLKT10 DESC'RIPTIOK OF ('LOSTRIDIUIM 
PFTIOOFACIENS (AIcBHVDE) 

\v. s s'riTRCKS AM) r. t dkakk 

Lifboi nl(n if t)f l/ic ('iKhihif Ibu'l. t nj (%)tnpiinif 
^(‘(‘(nvod I'oi juiUlicutioii Jainiarv 21, 1027 

More llinn fifteen yeai‘s ago AleHryde (1011) isolated an inter- 
esllng anaerobe ditfering in sexeral (diaraelers from any ])revi(msly 
deserihed. lie suggested the name Ik pulnj'oi iaix for this new 
s])e(*ies. Altliough a eonsiderahle desciiption of tliis oiganism, 
i)ased presiunahly on a single eulture, xvas gixen in this !)ulletin, 
it seems not to haxe reeeixed any recognition in the literature of 
the suhsecpient fifteen years. Hecently ]h)yer (lh2()) re])orts the 
fre(|uent finding of tliis organism, and also of other anaerobes, 
in animal muscle tissue soon after slaughter. 

In this 1 a))orat()i’y during the ])ast few y('ars, 27 strains hax^e 
been isolated from animal sources which conform with the an¬ 
aerobe already des(*ribed. iiiey are strict anaerobes of the clos¬ 
tridial ty})e and are markedly ])roteolytic. lining cultuies in 
meat media are characterized by filaments and chains. After 
two or three days cultivation the cells become club-shaped, 
this deejKstaining terminal swelling being best described as 
bulbed. From this initial stage s))orulatioii i)ro(*eeds ra])idly 
and mature si)()res are found a day or two later. They are plec- 
tridial, being terminal, spherical, and about 2.2 times the diameter 
of the rod. The typical drumstick sporangia remain intact for 
several weeks, during wdiich time free spores are extremely rare. 
When found these are faintly stained ((iram method) and are 
apparently thin-walled. \ery old cultures show considerable 
disintegration of cells w ith the liberation of many of these faint- 
staining free spores. 

While this is the typical behavior of C\ pulrefacicns when first 
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(^iiliured in the hihoratory, it must be admitted that the writers 
in common with Boyer (192(),) have noteci a considerable lessening 
of s])orulation after prolonged cultivation of pure cultures. No 
other changes in the behavior have been obsei ved. 

A detailed study of these 27 strains based on the latest S. A. B. 
I)es(ai])tive Chart has been made and is now offeretl in confirma¬ 
tion of the original work of AlcBryde. d'he \ arious refinements of 
metliods which have develojjed within the past fifteen years have 



Kiti 1. ('i.ovruiDiiiM i'CTni;i'\('ir.M' Oi.d (‘n/rrui; is I’ouk Mkduim with an 
Jmtiab pi I OF S 0 X 1200 

been employed in oni- attempt to establish this uniciue orj^anism 
among the anaerol)ie elostridia where it undoubtedly belongs. 

Marpfu)log}j. Itods 0.5-0.7 by IV \C)fx with roundcal oiids, occurring 
singly and in cliains. Drinnstick sporangia with spherical terminal 
spores 1.1 l.()/i in diameter. Non motih*. Ciram j)ositiv(\ '^rhick 
filaments pnidominate in low pH uK'dia. 

Agar ndouics. Small, filamentous. 

Agar slanl. Scanty, white*, headed, glistening. 
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Broth, ModcTati', lrMiisi(‘nl, lurbidity; lu'avy growth occurring 
as a floccuh'iit sodiiiuail at bottom. 

Minced pork. Slij»bt disiniojiration of iiu'al |)articl(‘s with strong!;, 
rliaractmstic, sour, ])utn‘iactiv(‘ odor. dda*n‘ js \i\i\o visual rvidoiicu 
of di^ 2 ;(‘sti()n of th(' iiH‘at until th(‘ tub(‘ is sliakcai vigorously whnn tho 
confenis disintc'^rab' into a nion* or l(‘.ss Iioinoj 2 ;('n(‘ous pulp. 

(rclofin istoh. (Irowth and li<pi(‘fa(*tion stalling ti\ bottom in two to 
throe* days. LicpK'faotion oomplote* m thr(*o to five* days. 

Litmus nnlh. Litmus n‘duo(‘d in four to s(‘V(‘n day^. H(‘nn(‘t ourd 
appears in fift(‘(‘n days at a ])I i of ti.r). Jk'ptonizat ion follows sl()wl.v. 

Indol not form(*d. 

Ufldrotjcti snlphidi . Sli^»ht ])roduotion. 

A it rates not roduo(‘d. 

Fermentation. Acid and slight gas in glucoM*. No acid or gas in 
lactose*, sucrose or mahos(‘. Star(*h not hydrolyz(‘d. 

Anaerobic. Xo surfa(.*e growth on any m(‘dium without strict 
ana(*robiosis. 

T( mperafiin ntations. ()])timum 20^' to 2o”('. Slow growth at ()®( \ 
and (*v(*n at lower t(*mpei’atur(*s. Xo visibh* gi'owth at o7°( \ 

pll ntations. (Jrowth occurs in meat nu'dium b(*t\\e‘(‘n jdl (>.() and 
pi I 9.0 with an o))timuiu at pll 8.0. 

Ifahita!. Found in muscle* tissue's e)f he)gs at slaughte*r. 

In ce)innie)n with Ale'Bryde we have fe)iiiiel ])e)]'k extract te) he 
fave)rable fe)r greiwlh, aiiel it has been useel as the basis e)f the 
agar, gelatin, and bioth nieilia eniple)yeel. .\naere)bie eonelitions 
were e)l)taineei by twie*e evae*uating to the \ a])e)r pressure eif \\ater 
anel refilling with hy(li’e)gen. 

Jt will be noteei that e)ur negatixe tinelings fe)r inded are at 
variance with AlcHryde’s. Cultures in both ])e)rk extract ])epte)ii 
broth and trv])te)j)hane ))re)th (Ihact.e)) have ])een testeel at the 
ages e)f one, three and seven days by the Fhrlicdi tevst. A slight 
positive test was obtained when the cultures were tested directly. 
It was found, however, that the color could not be extracted with 
chloroform. Duplicate cultures were subjected to a steam dis¬ 
tillation according to the technicpie of Fellers and Clough (1925). 
No positive test could be obtained by this nudhod. 

From the foregoing study it is evident that C. patrefaciens is a 
most interesting anaerobe, so far as the writers are aware 
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uiii(iue in its tein])erature re(iuirements. Tins strongly proteo¬ 
lytic organism grow s w'ell at ()“(\ and little or not at all at 37°(\ 
Morphologically the typical dnimstick sporangia are sugges¬ 
tive of ('. piilrijicum (liienstock) and (\ tetani. The rods of C. 
piit)rf(H i( n.s, lunvever, have a slightly greater diameter than those 
of <\ pufrijicum and often exceed those of (\ leUini in length. 
Furtheimore the lack of motility and the low temperature re- 
(juirements of the first species differentiate it from the two latter. 



Knj 2 (’l.O^TUlDHJM IM'TKKF\<*IE\S ( J IlOWN Tf.\ D A YS 1 N PoilK jMeDIUM VMTII 
A.N ImITAL pi I OF 0 S. X 12(H). 

The odor produced in meat is very characteristic. One acaais 
tomed to these odors has no difficailty in diflerentiating ])ure 
cultures of this anaerobe from other ])utTefacti\'e organisms by 
this means. 

Old meat cultures of C. putreJneienH present a sharp contrast 
with similai’ (‘ultures of other putrefactive anaerobes in which 
extensive licpiefaction is perfectly evident. A marked softening 
of the meat without evident reduction in bulk is characteristic of 
C. putrefacums. 
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The twenty-seven strains studied, although isolated from differ¬ 
ent sources, show perfect agreement on all characteristics. This 
agreement in cultural and physiological details, the consistently 
characteristic and distinctive microscopic picture, and our re¬ 
peated failure to obtain growth from any of the strains at 37° 
under anaerobic conditions, or at any temperature under aerobic 
conditions, constitute a part of our criteria for considering these 
cultures to be pure. 

The writers consider this unique organism deserving of recog¬ 
nition as a distinct species and suggest its inclusion in the genus 
Clostridium, as C. putrefaciens. 
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QUANTITATIVE ASPECTS OF THE METABOLISM OF 

ANAEROBES 


I. PROTEOLYSIS BY CLOSTRIDIUM PUTREFACIENS COMPARED 
WITH THAT OF OTHER ANAEROBES 

L. B. PARSONS AND W. S. STURGES 

Laboratory of the Cudahy Packing Company 

Received for publication January 21, 1927 

A series of studies concerning various quantitative aspects of 
the metabolism of the anaerobes is being carried out in this 
laboratory. This paper, the first of the series, presents data dem¬ 
onstrating the proteolytic activity of C. putrefaciem, an organ¬ 
ism originally isolated and described by McBryde (1911). A 
complete description of this anaerobe has been published in the 
preceding paper by Sturges and Drake. No definite quantitative 
information has been available concerning its powers of protein 
decomposition. It is, therefore, deemed desirable to record some 
data permitting a comparison with several common putrefactive 
anaerobes. 

Twenty-four strains of C. putrefaciem isolated from various 
sources were investigated. 

Nutrient gelatin (Bacto-dehydrated) without sugar, and cooked 
meat media were used. VTiile heterogeneous media of various 
types are well suited for the cultivation of the anaerobes, diffi¬ 
culties arise in securing representative samples. The sampling 
difficulty has been obviated by weighing out definite quantities of 
finely ground, well mixed, lean meat into large tubes, adding 
buffer, mixing and sterilizing. Analyses for total nitrogen made 
on the ground meat give a basis for computation. After inocu¬ 
lation and incubation the entire contents of the tube are used for 
analysis. 

The exact procedure has been to weigh 25 grams of ground lean 
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pork into a 1- by 8-inch tube. To this is added 20 cc. of a sodium 
hydroxide-phosphate buffer (125 cc. molar sodium hydroxide 4- 
100 cc. molar disodium phosphate diluted to a liter). The meat 
and buffer are thoroughly mixed by means of a thin glass stirring 
rod. After sterilization a pH of 7.5 to 8.0 is obtained. A number 
of analyses on various samples of freshly ground lean pork tissue 



Chart 1. The Growth of C. putrefacienb in Meat Medium at 20K). as a 
Function of Initial pH (Registered bt Production of 
Formol Nitrogen) 

gave 2900 to 3000 mgm. N per 100 grams. Because of the small 
difference in the analytical results the average value oi 2950 mpa. 
N per 100 grams has been used for computations. 

The quantitative determination of ammonia was by the Folin 
aeration procedure, and amino nitrogen was determined by the 
formol titration according to J. H. Brown (1923). The gelatin 
medium was used directly for analysis. The meat medium was 
prepared for analysis by washing the contents (rf the tube into 



METABOLISM OF ANAEROBES 


ISA 

n 250 c(*. volumetric fhisk. Tlie tissue I’esidue was I)i*oken u]) to 
allow (*om])lete exti’actioii, and tinally the volume was made to the 
mark and thoroughly mixed. The mixture was filtered thi'ough 
a dry folded filter ])a])er into a dry flask and dehnite ])ortions of the 
filtrate were used foi- analysis. It is obvious that 1 cc. of the fil¬ 
trate corresj)onds to 0,1 gram of meat. In the analytical deter¬ 
minations (*o]iti*ols were invariably run on the medium, using the 
same sized samples that were used for estimation on the cultures. 





Flu I Oi.o'-TKiDirM iM rin.rvciiA-- (iuoWN Six I)\\st\ Four Mliui m with 
\\ Imtim pll Ol- () L’() X l-Ci) 

These (Controls ha\(‘ been subtracted from the otiserved figures 
to give the results reiiorted in this ])a])er. 

The gelatin cultures were inculiated in an atmos])hej*e of hydro¬ 
gen. .\ thorough anaerobiosis was insured by exhaustion with a 
Cenco Hi-\*ac jium]), filling Avith electrolytic hydrogen, re¬ 
exhausting and refilling. In the meat medium described in this 
paper unifoj'inly satisfactory growth occurred wdthout resorting 
to anaerobic methods. 

The optimum hydrogen ion concentration and the effect of 
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variations in initial pH of the medium upon the morphology of a 
representative strain of C. pntrefaciem was determined. The 
(}uantitative meat medium was adjusted to pH values ranging 
from 5.8 to 9.0, inoculated and incubated at 20°('. for varying 
periods. The change in formol nitrogen was taken as an index 
of the extent of growth; microscopic observations were made on 



Chart 2. The Range of Formol Change Produced in (Jelatin Medium by 
Various Strains of C . putrefaciens at 2()“C. 

Contrasted with C. sporogenes 


the various cultures at the same time. The data are presented in 
table 1 and chart 1. 

It will be seen from chart 1 that the optimum initial pH for 
this organism is 8.0 ± 0.3. The zone for good growth is fairly 
wide however, and it is to be noted that the influence of initial 
pH is less marked in the older cultures. When growdh is once 
initiated the large (juantities of ammonia and volatile acids 
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produced tend to lower the pH of the high pH medium rapidly, 
and to raise the pH of the low pH medium. In table 1 the sets 
of cultures close to the optimum initial pH gave final values of 
7.0 to 7.2. The optimum value obtained has been found useful 
in that all strains of C. putrefaciens have given uniformly good 
growth in media of initial pH 7.8 to 8.0. 



Chart 3. The Ranoe of Ammonia Change Produced at Various Strains of 
C. PUTREFACIENS IN GelATIN MbdIUM 4T 20®C. 

Contrasted with C. sporoobnbs 


The microscopic picture reported in table 1 shows to an aston¬ 
ishing degree the influence of pH on morphology. For example, 
the characters of the organisms at six days in a medium of 
initial pH 6.26 were in such marked contrast to those of pH 7.70 
of the same age that one would scarcely have recognized them as 
the same species. The former consisted of long thick rods and 
many thick filaments, while the latter showed medium to thin 
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rods of medium to short length with many chains and some bulbs 
representing the early stages of sporulation. 

We shall present the quantitative data on protein decom¬ 
position in graphic form, since we believe that masses of data 
are thus more easily grasped and that there is less tendency^ to 
over-emphasize insignificant differences. 



Chart 4. The Range of Peoduction by Two Strains of C. potbefacienb in 
Meat at 20°C. Contrasted with C. Sporoobnes 


The proteolytic cleavage of gelatin by the first six strains of C. 
piiirefaciens isolated was studied at 20°C. The rate of increase in 
formol titration for strains I and IV, respectively the least and 
most active cultures, are plotted in chart 2. For comparison 
similar results with C. sporogenee in the same medium incubated 
at 20** and ST^C. are included. In chart 3 similar comparisons of 
ammonia production are given. From these charts it is evident 
that the rate of production of formol and ammonia nitrogen is 
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slower for C. puirefaciens than for C. sporogenes and that the maxi¬ 
mum conversion is only about one-third as much. 

We have plotted data on C. sporogenes at the optimum tem¬ 
perature of 37°C. and also at 20°C. This is pertinent because it 
demonstrates that the only effect of decreasing the temperature 
by this amount is to decrease the rate, with no apparent effect 



Chart 5. Comparison of the Proteolytic Activity of C. putrepacibns in 
Twelve-day Meat Cultures with That op Some 
Common Putrefactive Anaerobes 


on the final result. Subsequent comparisons have been made 
iiaiTig the optimum temperatures of 37° for the other anaerobes 
and 20° for C. putrefadens. 

Chart 4 gives data for ammonia production in meat medium. 
No figures on formol nitrogen for other anaerobes were available. 
This chart shows C. putrefadens to produce about 0.8 as much 
ammonia in meat medium as C. sporogenes. It should be noted 
that in subsequent observations of twenty-four strains of C. 
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putrefadens 775 mgm. of ammonia N was the maximum obtained 
up to an age of forty days. 

Chart 5 is a comparison of ammonia production by twenty- 
four strains of C. putrefaciens in twelve-day-old meat cultiue with 
cultures of some of the co mm on anaerobes of the same age. This 
chart suggests that C. putrefaciens is somewhat less active than 
the other anaerobes. As noted above the highest ammonia 
production obtained (775 mgm. per 100 grams) in meat does not 
give a wide margin of difference. 

C. putrificum (Bienstock) with 550 mgm. ammonia N per 100 
grams might seem to be of about the same activity as C. putre¬ 
faciens. In reality it is extremely proteolytic, producing in this 
experiment 1300 mgm. of ammonia N in thirty-eight days, which 
is in marked contrast with C. putrefaciens which never seems to 
form more than 775 mgm. 

Cultures of C. putrefaciens have a distinctly sour, characteristic 
odor with little suggestion of mercaptans and hydrogen sulfide. 
Estimations of hydrogen sulfide were made by the method of 
Fellers, Shostrom, and Clark (1924). Cultures of C'. putrefaciens 
and C. sporogenes were grown in quantitative meat medium (5 
grams of meat + 4 cc. biiffer) in evacuated tubes. After suitable 
incubation the tubes were broken under caustic soda solution 
in the aeration cylinder, finally acidified and aerated. This modi¬ 
fication was made to avoid possible loss of hydrogen sulfide during 
manipulation. After 12 days incubation duplicate determinations 
on C. sporogenes gave 37.0 and 37.5 mgm. H 2 S per 100 grams of 
meat, while four determinations on C. putrefaciens yielded 7.5, 
7.7,8.7, and 8.2 mgm. per 100 grams respectively. 

DISCUSSION 

Boyer (1926), referring to C. putrefaciens, states, "This organ¬ 
ism is primarily of the saccharolytic group and gives no evidence 
of digestion in cooked meat medium.” This statement we as¬ 
sume is based entirely on visual evidence since there is, at most, 
slight apparent digestion of the meat. However, it is so softened 
that it easily disintegrates on agitation. The data presented in 
this paper definitely establish this anaerobe in the proteolytic 



METABOLISM OP ANAEROBES 


191 


group, since it is obvious that an organism which converts 30 to 
40 per cent of the total nitrogen in meat to amino acids and am¬ 
monia, cannot be held to be primarily saccharolytic. 

The fact that G. putrefaciens produces in meat about eight- 
tenths and in gelatin about three-tenths as much ammonia as 
G. sporogenes suggests a fundamental difference between the two 
organisms. The writers feel that quantitative differences in the 
products of proteolytic changes have been very often over em¬ 
phasized in the identification of anaerobes. Aside from the fact 
that different strains of the same species exhibit considerable 
differences in activity under identical conditions, it still remains 
})roblematical whether various investigators working with the 
same culture can obtain identical results. For example, in chart 5 
the differences in the amounts of ammonia produced by the com¬ 
mon aniierobes are doubtless insignificant, while the differences 
between them and G. putrefaciens and G. putrificum appear to be 
perfectly definite. It has already been noted that (/. putrificum 
grows slowly but finally produces much larger amounts of am¬ 
monia than C. putrefaciens. If the sole claim for the recognition 
of the latter organism as a definite entity were based on these 
differences, we should hesitate to recognize it as a distinct species. 
We shall, however, in other communications present further 
evidence to justify the recognition of this unique organism. 

The data presented on hydrogen sulfide seem to explain in part 
the failure of G. putrefaciens to produce the typical odors obtained 
from cultures of the other putrefactive anaerobes in which the 
volatile sulfides predominate. The relatively small hydrogen 
sulfide production appears to be a point of distinction between this 
organism and G. sporogenes. 


SUMMARY 

The pH optimum for G. putrefaciens has been determined and 
its marked effect on morphology noted. This anaerobe has been 
shown to be decidedly proteolytic in gelatin and cooked meat 
medium, and a quantitative comparison has been made with other 
anaerobes. 
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C. sporogenes has been found to produce about five times as 
much hydrogen sulfide as C. putrefadem. 
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Several investigators have quantitatively measured organic 
acids produced during the protein metabolism of the anaerobes, 
but no systematic study of the significance of these acids has been 
reported. Wagner, Dozier, and Meyer (1924) state that in a 
general way volatile acid production parallels ammonia accumu¬ 
lation for C. hotulinum, C. tetani and C. sporogenes, and these same 
investigators (1925) draw “derived curves” showing among 
other things the relationship of these products to each other. 
In so far as the writers are aware, no one has ever shown any 
quantitative relationship to exist between ammonia and volatile 
acid production by the putrefactive anaerobes. 

Protein degradation by the anaerobes probably takes place 
by the exogenous, enzymatic hydrolysis of protein to polypep¬ 
tides. Whether or not all the amino acids produced are formed 
exogenously seems to be a matter of conjecture. There appears 
to be no satisfactory evidence that ammonia is ever formed by 
exogenous enzymes. Kendall and Walker (1915), and Kendall 
(1921), regard ammonia formation as an exact measure of the 
intracellular utilization of amino acids or their complexes for 
bacterial energy. Concomitantly with the formation of am¬ 
monia a considerable quantity of acid is produced and carbon 
dioxide is evolved. These latter products appear to result from 
the deaminization of the amino acids by some unknown mecha¬ 
nism and the whole process may be the source of bacterial energy. 
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It would seem that two possible mechanisms for the deaminiza¬ 
tion of amino acids by the anaerobes may be formulated. 

(1) R CHNHsCOOH + H,0 - R-CHOH-COONHi 

(2) R-CHNHj-COOH + Hj - R.CH2-COONH4 

The hydrolytic deaminization sketched in equation 1 would 
result in the formation of hydroxy acids (lactic, etc.) while the 
reductive deaminization equation 2 wovild result in the formation 
of saturated acids (acetic, etc.). The mechanism, of course, is not 
as simple as sketched and there is no a priori reason why (1) and 
(2) might not proceed simultaneously nor why carbon dioxide 
might not be evolved by some oxidative mechanism. From the 
above considerations we thought it likely that some definite molec¬ 
ular relationships might exist between the acids and ammonia 
produced by putrefactive anaerobes. Data which we are present¬ 
ing in this communication definitely establish a molecular equiva¬ 
lence between the ammonia and volatile acids produced by C. 
putrefaciens in both meat and gelatin media at all stages of growth. 

The media used were 10 per cent nutrient gelatin (Difco) with¬ 
out sugar, and the quantitative meat medium described in the 
first paper of this series. 

Ammonia was determined by the aeration procedure of Folin, 
using saturated sodium carbonate solution to liberate the am¬ 
monia. Volatile acids were determined by steam-distilling 
acidified samples in a special distillation apparatus described 
elsewhere. The distillate was titrated with n/10 sodium hydrox¬ 
ide. The solutions used were frequently re-standardized to in¬ 
sure maximum accmacy. Volatile acid found has been reported 
in cubic centimeters of n/10 acid per 100 grams or 100 cc. To 
furnish a molecular basis of comparison, the number of milligrams 
of ammonia nitrogen is divided by 1.4 to convert to cubic centi¬ 
meters of n/10 ammonia. Suitable controls have invariably been 
subtracted from all results, the data reported being net changes 
in ammonia and volatile acid. 

The twenty-four strains of C. putrefaciens used in Paper I 
of this series were used in these investigations. Incubation was 
at 20°C. 
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Table 1 presents the data on five strains of C. pvirefadem in 
gelatin medium. As a criterion of equivalence the last column 

TABLE 1 

Volatile acid—ammonia relations for C. pulrefaciens in gelatin 

NHaN n/IONH, n/10V.A. V.A.-NH* 

" “ PKRlOOCC. PKRlOOCC. PER 100 CC. RATIO 


daya 

mgm. 

CC. 

CC. 


' 

2 

29 

21 

27 

1 28 


4 

80 

57 

57 

1 00 


6 

101 1 

72 

72 

1 00 

C. putrefaciens I . 

10 

132 

94 

87 

0 93 


16 

149 i 

106 

101 

0.95 


31 

137 

98 

94 

0.96 


2 

21 

15 

16 

1.07 


4 

49 

35 

36 

1 03 


6 

90 

64 

65 

1.02 

C. putrefaciens II . 

10 

148 

106 

105 

0 99 


16 

178 

127 

121 

0 95 


31 

167 

119 

114 

0.96 


2 

12 

9 

9 

1.00 


4 

52 

37 

37 

1 00 


6 

80 

57 

62 

1 09 

C. putrefaciens III . 

10 

172 

123 

125 

1 02 


16 

152 

109 

108 

0.99 


31 

190 

136 

128 

0.94 


2 

11 

8 

9 

1.13 


4 

72 

52 

53 

1.02 


6 

106 

75 

75 

1 00 

C. putrefaciens IV . 

10 

143 

102 

104 

1 02 


16 

156 

111 

110 

0.99 


31 

172 

123 

118 

0.96 


2 

13 

9 

11 

1.22 


4 

63 

45 

48 

1.07 


6 

103 

73 

73 

1.00 

C. putrefaciens VI. 

10 

136 

97 

98 

1.01 


16 

161 

115 

113 

0.98 


31 

169 

121 

120 

0.99 


gives the ratio of moles of volatile acid to moles of ammonia. 
We have termed this the V.A.-NH* ratio. The ratios for the two 
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day old cultures appear to be far from unity, but it must be 
remembered that the experiments were performed on separate 
tubes and that small initial differences, as well as slight errors in 
analysis are greatly magnified in this ratio. 

TABLE 2 


Volatile acid—ammonia relations for C. putrefaciens in meat 


STRAIN 

AQB 

NH,N 

PBU 100 
GRAMS 

N/IO NH» 
PBR 100 

GRAMS 

N/IO V.A. 
PRR 100 
GRAMS 

V.A.-NH, 

RATIO 


days 

mgm. 

CC. 

CC. 



4 

168 

120 

121 

1.01 


6 

311 

222 

226 

1.02 

C. putrefaciens 1 . 

10 

396 

283 

294 

1.04 


16 

443 

316 

335 

1.06 


30 

558 

398 

408 

1.03 


4 

216 

154 

150 

0.97 


6 

340 

243 

238 

0.98 

C. putrefaciens II. 

10 

389 

279 

286 

1 03 


16 

559 

399 

404 

1.01 


30 i 

676 

483 

467 

0.97 


4 

240 

171 

166 

0.97 


6 

379 

271 

272 

1 00 

C. putrefaciens III.•{ 

*10 

450 

322 

332 

1 03 


16 

500 

357 

360 

1.01 


30 

668 

1 477 

492 

1 1.03 


4 

207 

148 

149 

1 01 


6 

317 

226 

1 226 

1.00 

C. putrefaciens IV.- 

10 

449 

321 

332 

1.03 


16 

468 

335 

345 

1.03 


30 

610 

435 

447 

1.03 


4 

254 

181 

176 

0.97 


6 

357 

255 

255 

1.00 

C. putrefaciens VI.^ 

10 

358 

256 

259 

1.01 


16 

534 

382 

381 

1.00 


30 

708 

506 

527 

1.04 


In table 2 figures are given for the same cultures in quantitative 
meat medium at various ages. In table 3 data are presented 
demonstrating that the V.A.-NHi ratio is unity for all strains 
isolated. Two tubes of each strain were grown. Duplicate analy- 








TABLE 3 


Volatile acid—ammonia relations for all strains of C. putrefaciens in meat at days 


BTBAIN NTTMBBB 

NUiN 

N/IO NHs 

N/IO V.A. 

V.A-NH« hatio 


mgm. 

ec. 

cc. 


1 

491 

350 

369 

1.06 

1 

492 

351 

358 


2 

506 

362 

406 


2 

566 

404 

415 


3 

486 

347 

363 


3 

558 

398 

405 

BI^H 

4 

516 

368 

405 


4 

567 

405 

413 


6 

521 

372 

388 

1.04 

5 

565 

407 

417 

1.03 

6 

528 

378 

388 

1.03 

6 

608 

434 

443 

1 04 

7 

438 

313 

330 

1.06 

7 

479 

342 

330 

0.97 

8 

497 

356 

379 

1 06 

8 

561 

401 

409 

1.02 

9 

530 

378 

398 

1.05 

9 

596 

426 

425 

1 00 

10 

489 

350 

370 

1.06 

10 

566 

405 

417 

1.03 

11 

541 

386 

367 

0.95 

11 

581 

415 

405 

0.98 

12 

526 

376 

381 

1.01 

12 

552 

395 

390 

0.99 

14 

446 

318 

322 

1.01 

14 

478 

342 

336 

0.98 

16 

503 

360 

362 

1.00 

15 

540 

386 

386 

1.00 

16 

435 

311 

325 

1.04 

16 

456 

326 

339 

1.04 

17 

484 

346 

354 

1.02 

17 

465 

332 

344 

1.04 

18 

471 

336 

341 

1.01 

18 

522 

374 

378 

1.01 

19 

479 

342 

352 

1.03 

19 

496 

354 

353 

1.00 

20 

491 

360 

365 

1.04 

20 1 

569 

406 

420 

1.03 

21 

495 

354 

360 

1.02 

21 

532 

380 

379 

1.00 

22 

527 

377 

381 

1.01 

22 

560 

400 

388 

0.97 

23 

487 

348 

350 

1.01 

23 

612 

368 


1.01 

24 

569 

407 


1.01 

24 

522 

372 


1.00 
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ses for volatile acid and ammonia were made on each tube and 
averaged to give the resxdts in this table. It has also been found 
that media made of minced pork heart or of beef tissue give 
V.A.-NHs ratio of unity. 

Since the data clearly indicated that volatile acid and ammonia 
were formed mole for mole it became of interest to determine 
whether any non-volatile (fixed) acids were produced. We have 
determined the total acids in the sample by extracting the acidi¬ 
fied deproteinated material with ether in a liquid extraction ap¬ 
paratus. The extract was placed in a large beaker with 400 cc. 
of water and the ether evaporated spontaneously. The acid was 


TABLE 4 

Comparison between total acid and volatile add produced by C, putrefadens in meal 

at twenty-^five days 


CULTURB 

TOTAL ACID 
N/10 PBR 
100 ORAMS 

VOLATILE 

ACID N/10 
PER 100 
GRAMS 

NON-VOLA- 
TILK ACID 

n/10 per 
100 ORAMS 

V.A.-NIIi 

RATIO 


CC. 

CC. 

CC. 


C. putrefadens 1. 

484 

480 

-1-4 

1.01 

C. putrefadens 6. i 

613 

611 

+2 

1.06 

C. putrefadens 8. 

540 

544 

-4 

1.00 

C, putrefadens 9. 

475 

480 

-5 

0.99 

C. putrefadens 10.'.| 

490 

502 

-12 

0.99 

C, putrefadens 16. j 

499 

494 

+6 

1.01 

C. piUrefaciens 18. 

538 

641 

-3 

1.04 

C, putrefadens 19. 

571 

561 

+10 

1.01 


then titrated with n/10 caustic. Suitable controls were run on 
uninoculated media and subtracted to give the values reported. 
The procedure was tested on a mixture consisting of 13.05 cc. 
n/10 acetic acid and 9.36 cc. of n/10 lactic acid in a volume of 
25 cc. After sixteen hours extraction a total titration of 22.80 cc. 
was obtained compared with 22.40 taken. All extractions were 
nm twenty hours using a volume of 25 cc. of liquid. The differ¬ 
ence between the total acid and volatile acid is, of course, non¬ 
volatile acid. Table 4 gives the data obtained on the several 
strains which have been tested. 

It is quite evident from the above table that C. putrt^adens 
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does not produce any non-volatile acid in meat medium. No 
measurements have been made in gelatin medium. 

DISCUSSION 

Tables 1, 2 and 3 contain data which conclusively prove that 
C. putrefaciens in gelatin and meat produces one molecule of 
volatile acid for each molecule of ammonia resulting from de¬ 
amidization processes. Moreover, table 4 shows that this organ- 
ifm produces no nonvolatile acid in meat medium and we may 
possibly infer that the same is true in gelatin. These facts seem 
to furnish definite evidence that a reductive deamidization such 
as represented in equation 2 is taking place. C. putrefadem in 
common with the other putrefactive anaerobes produces carbon 
dioxide from both gelatin and meat. Preliminary experiments 
in which this organism was grown in vacuo and the total 
carbon dioxide produced w'as measured by acidifying the sample, 
with subsequent removal and analysis of the gas, have demon¬ 
strated that approximately one mole of carbon dioxide for three 
moles of ammonia results from growth in these media. Evi¬ 
dently the reductive deamidization is complicated by a simul¬ 
taneous or subsequent process yielding carbon dioxide. 

Gelatin and meat are notably different in the amino acids 
yielded by complete hydrolysis, the former being characterized 
by small amounts of dibasic mono amino acids while the latter 
yields relative large quantities of these acids. Since C. putre¬ 
faciens gives the same V.A.-NHs ratio in two such widely different 
media, the deamidization and COs producing mechanism would 
appear to be highly specific suggesting that only certain amino 
acids can be attacked. It is futile to speculate fiulher at this 
time although it is believed that these results indicate a new line 
of attack on the fundamental problem of protein metabolism. 

SUMMARY 

Volatile acid and ammonia production by C. putrefadem has 
been quantitatively determined in meat and gelatin media at 
various intervals. 
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The molar ratio of volatile acid to ammonia was found to be 
unity indicating an equivalence between these products at all 
ages. 

Non-volatile acid is not produced by C. putrefadens in meat 
medium. 

The results suggest a high degree of specificity in the deaminiza¬ 
tion of amino acids by this organism. 
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A limited amount of information concerning the nature of the 
volatile acids produced by a few anaerobes is to be found in the 
literature. For the most part these investigations have been 
incidental to other phases of anaerobic metabolism and are in¬ 
conclusive, due either to scanty data or inadequate methods. 

Seliber (1914), using the Duclaux (1900) method, reported 
difficulty in determining the nature of the acids produced by 
C. putrificMm. Wolf and Telfer (1917) used a modified Dyer 
(1916) technique to estimate the acids produced by C. sporogenes 
in milk, while Bushnell recorded figures for steam distillation of 
the volatile acids produced by this organism in several media. 
Wagner, Dozier and Meyer (1924) (1925) have presented data 
on C. tetani, C. sporogenes and C. hotulinum in beef heart tryptic 
digest medium. These investigators used both the Dyer and 
Duclaux methods in their studies, the former method to obtain 
an approximate idea of the nature of the acids present and the 
latter to estimate quantitatively the indi\idual acids in the 
mixture. They report that old cultures of C. sporogenes and 
C. hotvlinum contain a larger proportion of high molecular weight 
acid than young cultures, while C. tetani gives the same acids in 
the same proportions in yoxmg and old cultures. Bushnell’s 
(1922) data show no consistent variations from yoimg to old 
cultures in 2 per cent pepton water, although media containing 
sugar show wide variations. 
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The present study was undertaken to determine the nature 
of the volatile acids produced by C. putrefadens and to ascertain 
the limits of variations for different strains at various ages. 
Twenty-three strains of C. putrefaciens were studied in the phos¬ 
phate buffered pork medium already described. Incubation 
was at 20°C. without anaerobiosis. 

The identification of volatile acids in the complex mixtures 
obtained as a result of bacterial decomposition presents an 
extremely diflScult problem to the worker in bacteriological 
science. It appears pertinent to review somewhat in detail the 
methods heretofore developed and to describe the procedures 
which we have foimd useful for this purpose. 

The method of Duclaux (1900) has been widely used in vola¬ 
tile acid investigations. Upson, Plum and Schott (1917) have 
shown that this method as commonly applied is far from exact. 
Lamb (1917) has demonstrated that the failure of these investi¬ 
gators to secure uniform results was probably due to irregulari¬ 
ties in heating and to impurities in the acids employed. Gilles¬ 
pie and Walters (1917) report a comprehensive study of the 
Duclaux procedure and describe graphic and algebraic methods 
for determining the mixtiues of acids required to give the ob¬ 
served titration sequence. They also describe an electrically 
heated distilling apparatus which gives very uniform heating. 
The limitations of the method are enumerated and certain 
criteria are set up for judging the validity of the results. They 
point out that Dyer’s (1916) steam distillation method has prob¬ 
ably as serious objections as the Duclaux procedure. 

Phelps and Palmer (1917) separated butyric acid from acetic 
and formic by means of the solubilities of the quinine salts. We 
have not been successful in using this method with the acid 
mixtures obtained from biolo^cal material. Orla-Jensen (1904) 
identified acids qualitatively by the fractional precipitation <rf 
their silver salts. Wolf and Telfer (1917) effected a partial 
separation of the higher from the lower acids by steam fractiona¬ 
tion, but their procedure has been foimd inadequate by Bushnell 
(1922). It has further been noted by the former investigators 
that Dyer’s color tests are not satisfactory in mixed acids. This 
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obviously necessitates the separation of the individual acids in 
the pure state for a reliable identification. Wagner, Dozier and 
Meyer have divided the Duclaux distillate into two fractions 
and assiuned that all the acetic acid was present in the last 
fraction and all the valeric in the first fraction, while butyric 
was assumed to be present in both fractions. Such an assump¬ 
tion is not justified as can easily be seen from the Duclaux tables. 
As a further test of the reliability of these results they have esti¬ 
mated the weights of the sodium salts which should be obtained 
on the basis of the calculated acids and compared these with 
the weights actually obtained. We have satisfied ourselves 
that such a comparison is usually of no value where three acids 
aie concerned and of questionable significance in deciding whether 
two acids or three are present. This fact was first noted while 
studying a distillation sequence for volatile acids from an un¬ 
known mixture in which the highest acid was known to be iso¬ 
valeric and the lowest acetic. 

No differences were found between the observed and calculated 
sequences when either butyric or propionic was assumed to be 
the intermediate acid. The solutions were obtained by Gilles¬ 
pie’s graphic method for three acids, and agreed almost exactly 
with the observed values. The mixtures were 26.5 acetic, 51.5 
butyric, 22.0 valeric, and 7.0 acetic, 55.0 propionic, 38.0 per 
cent valeric respectively. To determine the validity of using 
the identity of the observed and calculated weights of the sodium 
or barium salts as a criterion of the correctness of one of these 
solutions the mean molecular weights of the sodium salts for the 
two solutions mentioned were calculated as follows: 

82 X 0.265 - 21.7 
110 X 0.515 - 56.7 
124 X 0.220 - 27.3 

105.7 Mean mol. wt. No. 1 

82 X 0.070 - 5.7 
06 X 0.550 - 52.8 
124 X 0.380 » 47.1 

105.6 Mean mol. vt. No. 2 
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It is quite evident that in this particular case any corre{q)ond- 
ence between the calculated and observed values for the weights 
of sodium salts wovild not prove the validity of either assumption. 
SimilftT calculations on various other mixtures satisfying a ^ven 
set of distillation figures have convinced us that usually the 
checking of results by the weights of the salt obtained is mis¬ 
leading. 

The distilling apparatus described by Gillespie (1917) has been 
found very satisfactory. Using it in conjunction with various 

TABLE 1 


The Duclaux comtants for the apparatue employed 


DISTILLATE 

1 PEB CENT ACID IN DISTILLATE 

1 

1 

Acetic 

Propionic 

Butyric 

Iso>valeric 

ce. 





10 

7.9 

11.7 

16.3 

25.5 

20 

16.0 

22.9 

31.7 

46.1 

30 

24.6 

34.0 

45.1 

62.5 

40 

33.1 

44.7 

57.4 

75.2 

50 

42.3 

55.0 

68.4 

84.8 

60 

51.9 

65.2 

77.7 i 

91.3 

70 

62.2 

74.8 

85.6 1 

95.4 

80 

73.4 

83.8 

91.9 1 

98.2 

90 

85.7 

92.4 

96.8 

99.5 

100 

100.0 

100.0 

100.0 

100.0 

Per cent total 
distilled. 

79.0 

92.5 

97.0 

100.0 


fractionation procedures, we have been able to separate the 
highest and lowest molecular weight acids from mixtures of vola¬ 
tile acids from bacteriological material. Knowing the identity 
of the extreme acids in a mixture and the distillation figures of 
the original, it is possible to judge with a reasonable degree of 
certainty whether considerable quantities of a third acid are 
present. 

The constants for the Duclaux apparatus used in this study 
are given in table 1. The purest acids obtainable were pur¬ 
chased and purified. The acetic and propionic acids were puri¬ 
fied by repeated crystallization of the barium salts. 
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The butyric and valeric acids were freed from higher and 
lower acids by fractional precipitation of the silver salts and 
subsequently recovered by steam distillation. Since the Duclaux 
figures were to be obtained on the acidified sodium salts, a stand¬ 
ard procedure was adopted in which a suitable quantity of the 
sodium salt was treated with sufficient sulfuric acid to liberate 
the volatile acid and to give an excess of 0.5 cc. of normal acid. 
The quantities used were 20 and 50 cc. of n/10 volatile acid in a 
volume of 110 cc. No difference was observed in the constants 
for these two dilutions. No corrections have been made for 

TABLE 2 

Duclaux titration of C. putrefaciens 


>I8T1LLE!D 

PEB CENT DISTILLATE 


Obtained 

Calculated 

CC. 

10 

10.8 

10.9 

20 

20.8 

21.1 

30 

30.6 

31.0 

40 

40.3 

40 3 

50 

49.3 

49.6 

60 

58 8 

58.5 

70 

68.1 

67.8 

80 i 

77.9 

77.6 

90 

88 2 

88.0 

100 

100.0 

100.0 


absorption of carbon dioxide, since the errors from this source 
are compensated by similar errors in the unknown. 

The volatile acids were steam distilled from the meat cultures 
and titrated. After the addition of a slight excess of alkali the 
distillate was evaporated, if necessary. A sample containing 
20 to 50 cc. of n/ 10 mixed acid was acidified with sulfuric acid 
and used for Duclaux distillation. 

A typical Duclaux titration sequence for the volatile acids 
produced by C. putrefaciens in meat medium is given in table 2. 
Acetic and valeric acids only were assumed to be present and the 
calculations were made according to Gillespie's algebraic method, 
using the constants in table 1. The titration sequence corre- 
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sponded to 83 per cent acetic and 17 per cent iso-valeric. These 
percentages, of course, refer to cubic centimeters of n/10 acid per 
100 cc. of Duclaux distillate and mean that acetic and valeric acid 
may be present in the molar ratio of 83:17. The ratio of the acids 
in the original sample is obviously different from that of the dis¬ 
tillate. The former can be calculated readily by means of the 
per cent of total acid distilled as given in the last line of table 1. 
For this particiilar case the ratio in the original was 86:14. In 
the last column of table 2 we have calculated a titration sequence 
for a ratio of 83 acetic to 17 valeric, showing a fair agreement. 

To establish definitely the presence of acetic and valeric acids 
in the cultures, a combination of the steam distillates from 
various cultures was made and from this material the pure acids 
were isolated. This separation was effected at first entirely by 
steam fractionation; partial precipitation of the silver salts 
combined with steam fractionation was subsequently developed 
resulting in a great saving of time. 

A sample containing the equivalent of 1035 cc. n/ 10 mixed 
acid was steam fractionated according to scheme 1 in which the 
higher volatile acid fractions appear at the left and the lower 
at the right. 


I- 

200 cc. 

A 


r 

51 

Ai 

JL. 


20 cc. 

A» 

1 

Valeric acid 


r 

102 cc. 
Ai 


95 cc. 
Ai 


cc. 


n 

48 cc. 
A* 


1 

28 cc. 
A. 


1035 cc. n/ 10 acid 
I 

—i_l- 

400 cc. 

B 


120 cc. 275 cc. 

Bi B, 


/ 


^cc 

C 


694 cc. 

F, 

I-'-1 

210 CO. 433 cc, 

F. F. 


1 


Acetic acid 


ScBBMB 1. Steam Fbactxonatxon Of Mixed Volatile Aczini 
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The progress of fractionation was followed by Duclaux dis¬ 
tillations. Table 3 contains the titration sequences for frac¬ 
tions As, Bi, and Fi the high intermediate, and low molecular 
weight volatile acids respectively. 

It is evident that an excellent separation of acetic acid has 
been effected. The ease with which 40 per cent of the mixed 
acid was separated as practically pure acetic acid precludes the 
presence of more than traces of propionic acid. Since no evi- 

TABLE 3 

Duclaux titrations on various fractions 


PBB CSNT OP DISTILLATE 


DISTILLED 

Fraction As 

Fraction Bi 

Fraction Fi 

1 

Fraction V 


Found 

Calcu¬ 

lated 

Found 

Calcu¬ 

lated 

Found 

Calcu¬ 

lated 

Found 

Calcu¬ 

lated 

ce. 

10 

24.2 

24.0 

i 

14.5 

14 4 

8.1 

8.2 

25.3 

25.5 

20 

44.2 

43.7 

27.3 

27.4 

16.4 

16.5 

45.9 

46.1 

30 1 

60.6 

59 6 

39.3 

39.2 

25.0 

25.2 

62.2 

62.5 

40 

72.6 

72.2 

49.8 

49.7 

33.9 

as.8 

74.8 

75.2 

50 

82.1 

82.0 

59.4 

59.7 

43.1 

43.1 

84.2 

84.8 

€0 

88.7 

88.9 

68.3 

68.2 

52.8 

52.7 

90.8 

91.3 

70 

93.7 

93.7 

76.4 

76.4 

62.9 

62.9 

95.1 

95.4 

80 

96.8 

97.0 

84.2 

84.2 

73.9 

73.9 

97.8 

98.2 

90 

99.0 

99.0 

92.0 

92.0 

86.1 

86.1 

99.2 

99.5 

Per cent acid es-f 

Butyric 17 

Acetic 

50 

Acetic 

97 

Valeric 100 

timated in \ 

Valeric 83 

Butyric 25 

Butyric 3 



distillate [ 



Valeric 25 






dence of formic acid was obtained by chemical test there was no 
point in purifying the acetic acid fmther. 

The intermediate acid fraction Bi which should contain a 
relatively high percentage of butyric acid along with valeric and 
acetic, gives a titration sequence which is exactly satisfied by a 
mixture of 26 per cent butyric, 25 per cent valeric and 50 per cent 
acetic. Valeric and acetic acid alone do not give an acceptable 
solution for this fraction. It should perhaps be noted that the 
solution for three acids was made by Gillespie’s graphic method. 

It was desirable to obtain a complete separation of valeric 
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acid to render the results entirely concliisive. To this end a 
culture sample equivalent to 400 cc. of n/10 mixed acids was 
steam-distilled. The first portion of distillate equivalent to 100 
cc. of n/10 acid was collected in caustic soda and 4 cc. of normal 
silver nitrate added. The precipitated silver salt was filtered, 
washed and the salt transferred to the steam distilling apparatus, 
acidified and distilled. The distillate equivalent to 30 cc. of 
n/10 acid was subjected to a Duclaux detemaination with the 
results reported tmder fraction V in table 3. The close corre¬ 
spondence between the observed constants and the constants 
for pure valeric acid is evident. Fraction V was subsequently 


TABLE 4 

Volatile acAds produced by C. putrefaciens of different ages 


1 

L. 

c. 

PUTREFACIENS 2 


i 


c. 

PUTREFACIENS ft 


1 

AGE 

Tube (11 

1 Tube (2) 

Tub© (1) 

Tube (2) 

N/10 
acid 
j)cr 100 

Acetic 

Valeric 

N/10 
acid 
per 100 

.4cotio 

Valer¬ 

ic 

N/10 
acid 
per ICO 

Acetic 

Valer¬ 

ic 

N/10 
acid 
fwr 100 

Acetic 

Valer¬ 

ic 


grama 



grams 



grams 



grams 



days 

cc. 

per 

cent 

per 

cent 

cc. 

per 

cent 

per 

cent 

cc. 

per 

cent 

per 

cent 

cc. 

per 

cent 

per 

cent 

4 

140 

88.5 

11.5 

104 

\ 88.5 

11.5 

148 

90.0 

10.0 

156 

89.5 

10.5 

6 

228 

88.5 

11.5 

228 

, 87.5 

12.5 

240 

90.0 

10.0 

244 

88.5 

11.6 

10 

352 

88.0 

12.0 


i 

1 


348 

87.0 

13.0 

356 

86.0 

14.0 

16 

388 

87.5 

12.5 

429 

86.0 

14.0 

432 

87.0 

13.0 

394 

86.5 

13.6 

35 

! 552 

85.0 

15.0 

500 

86 0 

' 14.0 

516 

86 0| 

14.0 

524 

86.0 

14.0 


steam-fractionated into two portions, each equivalent to 15 cc. 
n/10 acid. The Duclaux constants were identical within the 
limits of errors, furnishing further proof of the purity of this 
sample. The data just presented indicate that C. putrefaciens 
produces three acids, acetic, butyric, and isovaleric, the acetic 
constituting more than three quarters of the total. 

It is a mathematical fact that the Duclaux method, even when 
carried out with meticulous care, ^ves results which are un¬ 
certain with such a combination of acids as we have to deal with 
here. This is because unavoidable experimental errors are 
unduly exaggerated by the necessary computations. It is there¬ 
fore essential either to ignore the presence of one of the hif^er 
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acids, preferably the intermediate, or to run a sufficiently large 
number of check titrations to insure a significant average. For 
calculating the acids in individual cultures we have assumed that 
valeric and acetic only are present. To obtain an estimate of 
the three acids the titration sequences for a large number of 
individual cultures seven to twelve days of age were averaged 
and the resultant was solved graphically. 

It was desirable to determine the limits of variation in volatile 
acid production for C. putrefaciens over a wide range of age. 

TABLE 5 


Comparison of Duclaux titrations for maximum and minimum acetic acid production 


DIBTILLBD 

MAXIMUM 

MINTTMITM 

Per cent dintillate 
obiiorvod 

Per cent distillate 
calculated 

Per cent distillate 
observed 

Per cent distillate 
calculated 

CC 





10 

10.1 

10,1 

10.9 

11.1 

20 

19.8 

19.8 

21.3 

21.4 

30 

29 4 

29.4 

31.1 

31.5 

40 I 

38.6 

38.4 

40 6 

40.7 

50 1 

47.6 

47.7 

49.9 

49.9 

60 

57.0 

56.9 

59.1 

59 0 

70 

66 6 

66.4 

68.4 

68 2 

80 

76.5 

76.6 

78.0 

77.9 

90 

87.3 

87.4 

88.4 

88.2 


Note: Maximum corresponded to 87.5 acetic; 12.5 valeric in Duclaux distillate 
which is equivalent to 90:10 in the culture. Similar figures in the minimum are 
82:18 for distillate and 85:15 in culture. 


In table 4 data are tabulated on two strains of C. putrefaciens 
for several different ages. Duplicate tubes were analyzed at 
each age. The values obtained refer to the mole per cent of 
acetic and valeric acids in the culture. 

The results suggest that a slight increase in the relative amoimt 
of the higher volatile acids occurs with increasing age. 

The titration sequences for maximum and minimum acetic 
acid production which are specifically those for C. putrefaciens 
6, tube 1, for four days and C. putrefaciens 2, tube 1, for thirty- 
five dajrs (table 4) are pven in table 5. 
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It appears from table 5 that even over a wide range of ages 
the titration sequences lie within a narrow zone. The close 
correspondence between the observed and calculated values for 
both titrations, assuming valeric and acetic acid only, indicate 
the difficulty of solving for the three acids. 

TABLE « 


Volatile acids produced by different strains of C, putrefaciens in meat medium 


STRAIN NUMBSB 

▲OR 

N/10 V. A. PER 
100 UBAMB 

PBBCBNTAOB 

Acetic 

Vftleric 


daya 

CC. 


■jHIIIIIH 

1 

7 

321 

85.0 


2 

7 

356 

86.0 


3 

7 

320 

86.0 

14.0 

4 

7 

330 

87.5 


5 

7 

335 

86.5 


6 

7 

348 

87.0 


7 

8 

324 

87.5 


8 

8 

372 

86.5 


0 

8 

352 

87.0 


10 

8 

327 

86.5 


11 

7 

296 

85.5 


12 

7 

294 

86.0 


13 

7 ! 

329 

87.5 


14 

7 ! 

276 

88.0 


15 

7 

300 

88.0 


16 

7 ’ 

300 

88.0 

^^By^^B 

17 

8 i 


88.0 


18 

10 

364 

85.5 


19 

10 

373 

85.0 

15.0 

20 

10 

386 

85.0 


21 

11 

372 

86.5 


22 

11 

376 

85.5 


23 

11 

396 

86.0 


24 

11 

392 

85.5 



In table 6 the volatile acids produced in meat medium by all 
available strains of C. putrefaciens are compared at ages of seven 
to twelve days. This table demonstrates that little variation 
exists in the proportions of the volatile acids produced by a large 
number of strains of C. ptUrefadem. 

We have previotxsly demonstrated that some butyric acid is 
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present in cultures of this anaerobe. It is of interest to attempt 
a quantitative estimate of this acid. This can best be done, for 
reasons already noted, by averaging a large number of Duclaux 
titrations. The second column of table 7 represents the average 
titration sequence of the twenty-four cultures summarized in 
table 6. The observed average was solved graphically for acetic, 

TABLE 7 


Th^ proportions of acetic, butyric and valeric acids produced by C, ptUrefaciens 


DISTILLATE 

PER CBHT OF DISTILLATE 

Observed average 

Calculated for acetic, 
butyric, valeric 

Calculated for acetic 
and valeric 

CC. 




10 

10.4 

10.4 

10.6 

20 

20.5 

20.3 

20.7 

30 

30.0 

30.4 

31.2 

40 

39.5 

39.4 

39.6 

50 

48.8 

48.8 

48.8 

60 

58.1 

58.0 

58.0 

70 

67.5 

1 67.5 

67.3 

80 

77.4 

1 77.4 

77.2 

90 

87.9 

1 88.0 

87.8 


TABLE 8 


Volatile acid production by C, putrefaciens in various media 


CULTURE 

MEDIUM 

AOB 

ACETIC 

ACID 

VALERIO 

ACID 

C. pidrefaciens 6. 

C, putrefaciens 5. 

C. putrefaciens 6. 

Gelatin 

Gelatin 

Pork heart 

day 9 

16 

24 

30 

per cent 

91.0 

92.5 

81.5 

BB 

Average all strains. 

Meat 

7-11 

84 5 

15.5 


butyric and valeric acids, giving 82, 7 and 11 mole per cent re- 
spectively in the distillate.)R,This corresponds to 85,6 and 9 mole 
per cent of these acids in the original culture. In column three 
we have computed the theoretical titration sequence for this 
graphic solution. If acetic and valeric acids only are assumed 
present the solution is 84.5 acetic and 15.5 valeric in the dis- 
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tillate corresponding to 87.5 and 12.5 mole per cent in the original. 
In the last column the calculated titration for these values is 
recorded. WhUe the figures reported in table 7 show a close 
agreement, a definite trend can be noted in the two acid calcula¬ 
tion which is not evident when the calculation is made for three 
acids. This trend is more noticeable during the algebraic solu¬ 
tion for these two acids, and is caused by the presence of some 
butyric acid. Since the calculations depend on deviations of a 
few tenths only, it is obvious that no great significance attaches 
to a solution for three acids based on a single titration sequence, 
and explains why we have presented the results for individual 


TABLE 9 

Duclaux titrations of various anaerobes in meat medium. Age ten days 

I PER CENT DIBTILLATR IN 


ORGANISM 


C. puirefaciens Av. 

C. sporogenes . 

C. fiahelliferum . 

C. Reading . 

C. parasporogenes . 

C. bifermentans . 

C. puirificum . 

C. botulinum Type A. 

C. hotvlinum Type B. 


10 

20 

30 

40 

50 

60 

70 

80 

90 

cc. 

i90. 

cc. 

CO. 

cc. 

CO. 

CC. 

CC. 

CC. 

10.4 

20.6 

30.0 

39.5 

48.8 

58.1 

67 5 

77.4 

87.9 

16.0 

28.0 

39.6 

49 9 

59.2 

67.7 
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cultures in terms of two acids only. It is believed that the 
molecular ratio 85:6:9 for acetic, butyric and valeric based as 
it is on a large number of observations of different strains is far 
more significant than any single observation could ever be. 

Limited data on the volatile acid production in gelatin and 
pork heart medium are available. These are presented in table 8. 
Slight quantitative differences appear to exist between the 
different media, however, the predominance of acetic acid in all 
of them is noteworthy. 

A comparison of the titration sequences of C. jyidrefcudem with 
those of the common anaerobes is illuminating and demonstrates 
that the former differs markedly from all the other anaerobe 
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investigated. In table 9 the titration sequences for the various 
anaerobes in meat medium at ten days age are compared with 
the average titration sequence of C. putrefadem. The analyses 
for the other anaerobes were run on triplicate tubes, the values 
reported being the mean of three closely agreeing Duclaux dis¬ 
tillations. No attempt has been made to identify the individual 
acids in the various cultures, but it is evident that C. putrefadens 
produces relatively more acetic acid than any of the others. 
C. putrificum seems to approach the distillation figures for C. 
putrefadem rather closely, however the former is a slow growing 
organism and at thirty to thirty-five days the titration sequences 
are practically identical with the other anaerobes. 

It is to be regretted that no culture of C. tetard was available 
for comparison. Wagner, Dozier, and Meyer (1924) have 
reported that this organism produces a preponderance of acetic 
acid and that in one instance they have identified the volatile 
acid as practically pure acetic acid. 

DISCUSSION 

The extensive study of the volatile acid production by C. 
putrefadem reported here permits the conclusion that there is 
but slight variation in the Duclaux titration sequences with time. 
In table 4 there is evidence of a slight increase in the higher 
molecular weight volatile acids amounting at most to 5 per cent 
computed as valeric acid. Furthermore, twenty-four strains are 
shown to give very consistent results at ages of from seven to 
twelve days, showing that the proportion of volatile acids pro¬ 
duced by this organism is a constant property for all strains. 
Wagner, Dozier and Meyer (1924) (1925) report that cultures of 
C. sporogenes and C. botzdinum contain relatively more higher 
molecular weight volatile acids the older the culture, while their 
results on C. tetard suggest that different cultures of this organism 
may produce widely different proportions of volatile acids. In 
contrast to these results our data indicate that a remarkable con¬ 
stancy exists in the proportions of the volatile acids produced 
in meat medium by all strains of C. putrefadem at all ages. It 
is evident also that the Duclaux titration is sufficient to differ- 
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entiate this organism from most of the common putrefactive 
anaerobes in meat medium. 

The writers feel that Gillespie’s distilling apparatus coupled 
with the methods he has outlined for solving the distillation data 
are much more accurate than the methods ordinarily used. 
The trustworthiness of the data is greatly increased if distilling 
constants are determined for the individual apparatxis. We 
believe that the ordinary method of comparing distillation data 
with Duclaux tables leads to considerable errors in the con¬ 
clusions. For example the data on C. botulinum in meat medium 
as reported by Wagner, Dozier and Meyer (1925), if calculated 
according to Gillespie’s method using Duclaux’s constants, give 
values of 23, 38 and 39 per cent of acetic, butyric and valeric 
(molar ratio approximately 1:2:2) as contrasted to the reported 
values of 16.5, 58.5 and 25 per cent (molar ratio 2:7:3). Need¬ 
less to say the values calculated from the former figmes are much 
closer to the observed than those given by these investigators. 

Waksman and Lomanitz (1925) concluded that the mechanism 
of protein and amino acid decomposition varied with the type of 
organism. With fungi, they report smaller accumulation of 
ammonia the higher the carbon content of the amino acid. No 
data are presented, however, concerning the fate of the carbon 
residues. Apparently they believe that the carbon residues are 
partially synthesized into bacterial protoplasm and partially 
oxidized to carbon dioxide as an energy source. 

We have shown in the second paper of this series that in the 
case of C. putr^adens a molecular equivalence exists between 
volatile acid and ammonia. This paper demonstrates that the 
volatile acids produced do not greatly vary either with age or 
strain. It has also been noted that nonvolatile acid is not pro¬ 
duced and that carbon dioxide is formed in the proportion of 1 
mole to 3 of ammonia. It is impossible to fix the origin of carbon 
dioxide. It may possibly arise from a beta oxidation of the 
volatile acids. The fact that there is a slight accumulation of 
higher volatile acid in the older cultures seems to render such a 
conclusion improbable. There appears to be no reason why the 
carbon dioxide may not be formed simultaneously with the 
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deamination process. Since the carbon residues from deaminSr 
tion exist in the form of volatile acids in the exact proportion to 
neutralize the ammonia, one must either conclude that only a 
portion of the molecule is utilized in the synthesis of protoplasm 
or that amounts so small that they are beyond the limi ts of the 
methods are involved. 

Wagner, Dozier and Meyer (1925, p. 401) evidently look upon 
lactic acid as a connecting link between the protein and carbo¬ 
hydrate metabolism. We have failed to find evidence of non¬ 
volatile acid production and, therefore, it seems doubtful that 
such a connection exists in the case of this organism. 

SUMMARY 

1. The volatile acids produced by C. putrefaciens are identified 
as acetic, butyric and valeric. 

2. A remarkable constancy has been demonstrated for the 
Duclaux titrations of various strains at various ages. 

3. The average proportions of the various acids in mole per 
cent are acetic 85, butyric 6, valeric 9. 

4. A comparison has been made of the titration sequences of 
C. putrefaciens and the common anaerobes, which demonstrates 
that the former differs markedly from the latter. 
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In all fields of work, times come when one must stop and take 
thought. New facts, new ideas, and new suggestions alter lines 
of endeavor in every field of research. We are here today for the 
purpose of taking thought concerning the knowledge of the so- 
called filterable viruses and the diseases caused by them. I 
have been asked to give a critique of this knowledge. It is quite 
obvious that I shall be unable within an hour to analyze thor¬ 
oughly and to criticize authoritatively all the work in this field. 
Therefore, I shall review quickly some facts and ideas concerning 
this group of diseases as a whole and then discuss a few reports 
concerning several of its individual members. 

In table 1 are listed most of the diseases which are included by 
different observers in the group under discussion. The etiological 
agents concerned in these diseases, or groups of them, have been 
given a variety of names, e.g., filterable viruses, invisible microbes, 
ultra-microscopic \’iruses, inframicrobes, protista, microplasms, 
chlamydozoa, and strongyloplasms. A superficial examination 
alone is convincing that none of these names is applicable to all 
of the etiological agents. Names, however, facilitate the inter¬ 
change of facts and ideas between individuals. For practical 
purposes, then, the term “filterable viruses,” mainly because of 
its wide usage, is as satisfactory as any name suggested. 
Throughout this discussion the term “filterable viruses” will be 
employed in a noncommittal way to designate certain active 

^ Read before the Society of American Bacteriologists, December 29, 1926. 
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TABLE 1 

Majority of the dioeaaeo which have been placed in the filterable virus group 
by different workers 

Bacteriophage 

Mosaic diseases of plants (infectious chlorosis) 

Sacbrood 

Wilt of European nun moth 
Wilt of gypsy moth caterpillar 
Jaundice of silk worms 


Episodtic of guinea pigs 
Hog cholera 

Cattle plague (Rinderpest; 

Pernicious anemia of horses 
Virus III infection of rabbits 
Foot-and-mouth disease 

1. Type A 

2. T>pe O 

Vesicular stomatitis of horses 
Paravaccinia (No report on filtration) 


Swine-pox 
Goat-pox 
Sheep-pox 
Horse-pox 

Cow-pox 1-— 

Smallpox 
Varioloid 
Alastrim 

Chicken-pox \ No reports 
Herpes soster / on filtration 
Symptomatic herpes 
6^ Encephalitis 

1. Lethargic 

2. Following vaccination)4- 

3. Japanese 19241^_ 

4. Koritschoner / 

5. Australian X disease 18 
\ Poliomyelitis 

Rabies —- 


Borna’s disease 

Fowl plague and plague of blackbirds 
Guinea-pig paralysis 
Distemper of dogs 
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TABLE i—Continued 

Trachoma and inclusion blenorrhea 
Infectious papular stomatitis of cattle 
Molluscum eontagiosum 
Warts 

Contagious epithelioma (fowl-pox) 

1. Chickens 

2. Pigeons 

Infectious myxomatosis of rabbits 
Rous sarcoma of chickens 
Leukemia of chickens 
Lymphocystic disease of fish 

Epithelioma of fish No reports on filtration 

Carp-pox 

Mumps (According to Kermorgant, a spirochetal disease) 

Agalactia (According to Bridr4, a bacterial disease) 

Salivary gland disease of guinea pigs 

Measles (rubeola) 

German measles (rubella) (No report on filtration) 

Grippe (infiuenxa) (According to Olitsky and Gates a bacterial disease) 
Common colds 

Nairobi disease of sheep 
Catarrhal fever (blue tongue) of 
sheep 

African horse sickness 
Pappataci fever 
Dengue fever 

Yellow fever (According to 
Noguchi a spirochetal disease) 

Typhus fever 
Trench fever 

B Rickettsia diseases < Rooky Mountain spotted fever 
Heartwater disease 
Flood fever of Japan 

Orroya fever and verruga peru¬ 
viana 

B Bacterial diseases ^ Pleuropneumonia 

Avian diphtheria 

i Scarlet fever 
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transmissible agents which are capable of producing pathological 
conditions in bacteria, plants, insects, fish, birds, and mammals, 
and which by general consent are more or less limited for the 
moment to the etiological agents of the diseases listed in the table. 

The arrangement of the diseases in the table is for convenience 
of discussion and carries no taxonomic significance. In the first 
place, filterability of the etiological agents does not sharply 
delimit this group of diseases, as it is well known that the viruses 
share this characteristic with certain small bacteria and vibrios, 
and also with some spirochetes and protozoa. Furthermore, in 
regard to the etiological agents of some of the diseases wtihin 
the group, e.g., chicken-pox and paravaccinia, no filtration experi¬ 
ments have been recorded. The viruses of still other diseases 
within the group, e.g., t3Tphus fever, and vaccinia, are either not 
filterable or filterable with the greatest difficulty. In the past 
aU attempts to classify these diseases have been unsuccessful 
and there is every reason to believe that such attempts are still 
premature. 

The diseases listed do not form a homogeneous group and 
some of them should be omitted. The evidence that epizootic 
of guinea pigs is a virus disease is not convincing. The Rickettsia 
diseases do not belong here’and there is considerable doubt as to 
how long the other insect-borne diseases will remain on the list. 
This is particularly true of yellow fever. Most observers no 
longer consider scarlet fever a virus disease. M’Fadyean, as 
early as 1908, suggested that pleuropneumonia be classified with 
bacterial diseases. Oroya fever and fowl diphtheria, in view of 
Noguchi’s work and Bordet’s experiments respectively, do not 
belong here. Enough has been said to convince one of the 
heterogeneity of the diseases listed in the table. In fact they 
exhibit so many differences that a discussion of the filterable 
viruses almost amotmts to a separate discussion of each disease. 
Such a state of affairs is due to the fact that the filterable virus 
group has been used to a considerable extent for the indiscriminate 
segrep,tion of infectious diseases of unknown etiology. There¬ 
fore, it is not \mlikely that some of them will be shown to be 
caused by small bacteria or protozoa. When this occurs, such 
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diseases should be removed from the filterable virus group and 
given their correct position in the classification of diseases. 

EPIDEMIOLOGY 

From the epidemiological standpoint the group of filterable 
virus diseases is notable chiefly because of the remarkable differ¬ 
ences exhibited by its members when compared one with another. 
Some are extremely contagious, e.g., smallpox; others, although 
inoculable, are not spread by ordinary contact, e.g., rabies; others 
are insect-borne, e.g., dengue fever and yellows of asters; and 
still others are transmitted only by grafting, e.g., certain infec¬ 
tious chloroses of plants (Baur). In general, however, the epi¬ 
demiological problems presented by the virus diseases in regard 
to regional distribution, seasonal variation, host susceptibility, 
and virulence are similar to the problems foimd in connection 
with other infections. 


IMMUNITY 

Since immunity, either natural or acquired, plays such an 
important r61e in all epidemiological studies, a discussion of it at 
this point is not out of place. With a few exceptions, diseases 
produced by the filterable viruses, if recovered from, lead to a 
lasting immimity. In this respect virus diseases differ from those 
caused by ordinary bacteria. This is not universally true, 
however, since one attack of typhoid fever produces in the re¬ 
covered individual a fairly lasting immunity. Many questions 
have arisen in regard to this kind of immunity, but so far they 
have not been satisfactorily answered. Nevertheless, a few of 
the possibilities will be discussed. 

Adults, forty years of age, who had measles or chicken-pox 
when 1 year old are still refractory to reinfection. Some investi¬ 
gators state that the serum of these refractory individuals is 
slightly protective even after a period of 39 years, or contend that 
the cells are still supplied with sessile antibodies or an increased 
ability to make them. The majority of the cells in an adult, 
however, are not the same cells possessed by that individual when 
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1 year of age. If it is a question of sessile antibodies, then one 
must suppose that these cWacteristics are passed on to daughter 
cells. On the other hand, a child bom of immune parents be¬ 
comes susceptible to measles and chicken-pox within a few months 
after birth. Is it possible then that the lasting immunity is due 
to repeated infections so mild that they attract no attention 
except in the first instance? In regard to diseases as prevalent 
as meades and chicken-pox this might serve as an explanation. 
On the other hand, one can hardly explain the persistent protec¬ 
tion against poliomyelitis and smallpox upon such grounds. 

Another possible explanation for the lasting immunity is that 
it is due to a prolonged sojourn of the virus in the body or perhaps 
to its persistence in an individual once infected. Winkler, in 
his review of immunity to vaccine virus, suggests this possibility. 
When confronted with the idea one invariably says that it is 
impossible, because, if it were true, every one would spread 
measles and chicken-pox. This would not necessarily be the 
case, however. Typhoid bacilli have been found in the walls of 
gall-bladders many years after attacks of typhoid fever. Further¬ 
more, when the mucous membranes lining the gall-bladders are 
normal, there is little danger of the disease being spread by these 
carriers. Most human beings carry tubercle bacilli, but only a 
few spread tuberculosis. Individuals harboring Treponema paUi~ 
dum are not always infectious, particularly in the latent stages 
of syphilis. Furthermore, sypl^is is an excellent example of a 
disease in which there is a persistent infection coincident with a 
refractory state in the host to reinfection. For information 
concerning discussions of this paradox one should read Chesney’s 
review, “Immunity in Syphilis” (Medicine, 1926, S, 463). 

Now, in regard to virus diseases, is there any evidence (1) of a 
prolonged or persistent infection, (2) of a coexistence of infection 
and refractory state in the host to reinfection from without, and 
(3) of a causal relation between the prolonged or persistent infec¬ 
tion and the lasting immunity? There is considerable evidence 
that a prolonged infection occura in some virus diseases and also 
that this infection can perdst for a long time in a host refractory 
to reinfection. De Kock found a horse’s blood infectious seven 
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years after an attack of pernicious anemia. Sir Arnold Theiler 
speaks of the persistent infectious nature of the blood of horses 
that have recovered from pernicious anemia. He also states 
that the blood of horses inoculated with African horse sickness 
may remain infective for periods up to three months after inocu¬ 
lation. In the majority of instances, a plant once infected with 
mosaic virus is never free from it. Vaccine virus has been 
recovered from the lymph nodes of an animal 28 days after inocu¬ 
lation and twenty-two days after the animal’s skin was refractory 
to reinfection. A prolonged infection occurs in contagious 
epithelioma, and in regard to this disease Lipschiitz says, “Der 
immime Organismus ist Parasitentrager.” Furthermore, Cole 
and Kuttner have shown that the “salivary gland virus” of guinea 
pigs can be obtained at will from immune animals, and in this 
particular instance it appears that a pig once infected continues 
to carry the virus indefinitely in spite of a refractory state to 
reinfection from without. The question as to whether the lasting 
immunity is dependent per se upon a prolonged sojourn or per¬ 
sistence of viruses in the body cannot be answered at the present 
time. Nevertheless, such an idea, novel in regard to virus 
diseases, is worthy of serious consideration. 

Another interesting feature concerning the immunity to virus 
diseases is the fact that only active virus protects against a 
second inoculation of the same virus. In other words it is doubt¬ 
ful, with a few exceptions, whether injection of a virus completely 
inactivated leads to a protection against the same virus in an 
active state. Furthermore, virucidal properties do not appear 
in the serum of naturally resistant animals which have received 
repeated injections of active virus. Therefore, it seems that an 
actively acquired immunity and evidences in the serum of such 
an immunity are dependent in some way upon an actual infection 
with the virus, even though it be so mild at times as to give rise 
to no symptoms. 

The degree of active immimity usually exhibited by individuals 
recovered from virus diseases seems disproportionate to the 
amount of passive protection afforded by their sera. This fact 
has led many observers to believe that the protection against 
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virus diseases is predominantly a tissue immunity rather than a 
humoral one. Be that as it may, protective substances do occur 
in the sera of individuals who have recovered from certain virus 
diseases. This is particularly true when animals have been 
hyperimmunized by means of repeated injections of the viruses, 
as is evidenced by Gordon’s work concerning immunity to 
vaccinia. 

Virucidal properties, precipitins, and complement-fixing anti¬ 
bodies have been demonstrated in the sera of individuals who 
have recovered from certain of the virus diseases. Gordon and 
others believe that agglutinins also exist in the sera of animals 
that have recovered from vaccinia, inasmuch as “vaccine granules” 
are agglutinated by such sera. Until these granules have been 
definitely shown to represent only vaccine virus, one must look 
upon the supposed agglutinins with a great deal of suspicion. 

PEBVENTION OF DISEASE CAUSED BY VIRUSES 

The prevention of diseases caused by viruses depends upon 
the protection of susceptibles from exposure or upon their im¬ 
munization. Quarantine measures are established for protection 
but frequently they are in^ectual. The eradication of insects 
or protection against them controls the spread of insect-bome 
diseases. Furthermore, susceptible species can be replaced by 
naturally insusceptible ones, and at times it is possible to breed 
refractory hybrids. This method has been used advantageously 
where animals and plants are concerned. Unfortunately, how¬ 
ever, such methods cannot be employed in dealing with all 
animal diseases, nor can they ever be used in dealing with human 
diseases. Under these conditions attempts are made to decrease 
the munber of susceptibles by means of vaccination with attenu¬ 
ated or modified viruses. 

PILTERABILITT 

Since the discovery of the first filterable virus in 1892, it has 
been determined by means of different kinds of filters that many 
diseases are caused by active agents smaller than ordinary 
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bacteria. Some are presumably much smaller and are most likely 
optically immeasurable. Others, however, do not seem to be 
so small and concerning the filterability of these there is much 
discussion. Methods of filtration are crude and inaccurate and 
the most one can say regarding the viruses is that under given 
experimental conditions they either pass or do not pass through 
certain filters. The failure to pass through a filter, however, is 
certainly not determined in every instance by the size of the virus. 
The electrical charge on the virus, the electrical charge on the 
filter, the adsorption of the virus by aggregates of protein or by 
cell detritus, the amount of protein or other substances in the 
virus emulsion, the temperature at which the filtration is con¬ 
ducted, the amount of negative or positive pressure employed, 
the duration of filtration, and other factors, not mentioned or not 
known, serve to influence the results of all filtration experiments. 
Furthermore, sufficient attention has not been given to the 
possibility that some filters may not only hold back certain 
viruses but may also inactivate them in some manner so that 
they can never become active again. 

Filters, in spite of their faults, are useful in working with 
diseases of unknown etiology, and by means of them one is able 
at times to determine quickly whether a given disease is produced 
by an agent smaller than ordinary bacteria. Sometimes, how¬ 
ever, small bacteria may still contaminate the filtrates or two 
viruses may be present in the filtered material. Therefore, 
filtrates from uncontrolled and even from w'ell controlled sources 
may contain more than one active agent, some of which may be 
cultivated on simple or on special media. All investigators should 
be extremely careful in working with filtrates not to be misled 
by their findi n gs and ascribe to an active agent an etiological 
r61e in a disease with w'hich it has nothing more than accidental 
connection. 

SIZE 

Very little has been recorded in regard to the size of many of 
the viruses other than that they pass throu^ certain kinds of 
filters. It is obvious that this method only indicates roughly 



226 


T. M. RIVBBB 


that the viruses which pass through tight Chamberland candles 
are very small. No virus has been obtaiaed in an absoutely 
pure state. Not even the washed granules of vaccine virus can 
be accepted as representing only virus. Therefore it is impossible 
to say that virus alone is being filtered rather than virus attached 
to aggregates of protein or particles of degraded cells. Never¬ 
theless, attempts have been made in various ways to determine 
the size of a few viruses. According to d’Herelle, the diameter of 
the phage is 20 to SOmm- Bechhold and Villa state that its 
diameter is >35/Lt/u and <200 mm- Duggar and Karrer believe 
that the virus of tobacco mosaic is approxmately the same size 
as the colloidal particles of fresh 1 per cent hemoglobin, 30mm- 

The size and weight of molecules of crystalline egg albumen 
and crystalline hemoglobin are not agreed upon. Bechhold 
states that an aggregate of 50 molecules of egg albumen is > 4 
and <10mm in diameter. According to Du Noiiy, however, 1 
molecule of egg albmnen is 4.1mm in diameter. If it is diffictilt 
to determine the size of molecules of relatively pure crystalline 
substances, what hope is there at present of ascertaining the size 
of the viruses which have not been obtained in a piu« state? 
Furthermore, it is useless to jpretend to know what is the lower 
limit in point of size for living things. In general, however, it 
can be said that many viruses are probably of sufficient size to 
exist in a living state, and that others are probably small enough 
to satisfy the demands of those who insist that they are not 
possessed of life. 

GUIiTIVATION 

Following the discovery of the first filterable virus, thirty-four 
years ago, numerous workers have claimed to have successfully 
cultivated in vitro by means of simple or complex media one or 
more of these active agents. Since all claims cannot be discussed, 
only the outstanding ones will be considered. The term in vitro 
will be avoided as there seems to be no agreement as to its exact 
meaning. I idiall, therefore, discuss the cultivation of viruses 
in the presence or absence of living cells. 

There is no reason to doubt that vaccine virus, herpes virus, 



FIIiTERABLB VIRUSB6 


227 


typhuB fever virus, the virus of Rous’ sarcoma, and the virus of 
Rocky Mountain spotted fever have been successfully cultivated 
in the presence of living cells in tissue cultures. Moreover, 
Levaditi has stated that the virus of poliomyelitis either sur¬ 
vived or multiplied in fresh spinal ganglia (monkey) placed in 
plasma Harde was able to grow vaccine virus in the presence of 
living comeal cells, but, if the cells were killed by freezing or by 
hypertonic salt solution, the virus failed to multiply. The virus 
of fowl plague is cited as one that has been cultivated in vitro. 
One mi^t ask, however, if it has been cultivated in the absence 
of living cells, inasmuch as a large amoimt of blood was added 
to the medium employed. Furthermore, Landsteiner and 
Berliner found that the virus would not multiply if laked or 
frozen blood was used, and stated in their report that one could 
not say that growth of the virus had taken place in a lifeless 
medium. The statement is frequently seen that Bordet culti¬ 
vated the etiological agent of contagious epithelioma of chickens. 
Such statements are incorrect. Bordet claims to have cultivated 
a small bacterium which causes avian diphtheria. Furthermore, 
he specifically states that the bacterium does not cause contagious 
epithelioma and that avian diphtheria and contagious epithelioma 
are two distinct diseases in spite of the view held by some in¬ 
vestigators. 

There are excellent reasons for stating that the etiological 
agents of foot-and-mouth disease, trachoma,* rabies, and polio¬ 
myelitis have not as yet been cultivated in the absence of living 
cells. The evidence is insufficient to convince one that “globoid 
bodies” are etiologically associated with poliomyelitis (Amoss). 
A consideration of the survival or the multiplication of the virus 
of poliomyelitis in the presence of pieces of fresh kidney is not 
germane to the discussion. Streptococci have been given an 
etiological r61e in many virus diseases. It is imlikely, however, 
that they cause all of the following diseases: poliomyelitis, 
lethargio encephalitis, influenza, measles, and German measles. 

* l^nce this paper was submitted for publication Dr. Noguchi has reported his 
recent work concerning the cultivation of the etiological agent of trachoma. 
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Gye’s reports concerning the cultivation of the virus of Bous’ 
chicken sarcoma will be discussed further on. 

Recently Olitsky reported that he was able to cultivate the 
virus of tobacco mosaic in a simple medium presumably free of 
cells. Mulvania and Purdy, working independently, were unable 
to confirm his work and suggested that his results are open to 
several interpretations. An observation of the kind reported by 
Olitsky, if correct, is one of a fundamental nature and signifi¬ 
cance. In fact, it is of almost as much significance as an observa¬ 
tion upon the cultivation of bacteriophage in the absence of 
living bacteria. Unequivocal confirmation of Olitksy’s work, 
therefore, would settle one of the most important problems in 
the whole field. 

In general it can be said that no worker has proved that any 
of the etiological agents of the diseases in table 1 down to mmnps 
is susceptible to cultivation in the absence of living cells. A 
satisfactory explanation of the difficulty experienced in cultivat¬ 
ing the viruses on artificial media is not easily found. Their 
small size alone should not make them insusceptible to cultiva¬ 
tion. Nor does it seem to be a question of delicacy or sensitive¬ 
ness, because many of them are extremely resistant to chemical 
and physical agents. Ther^ore, the viruses appear to be obligate 
parasites in the sense that their reproduction is dependent upon 
living cells. Whether this reproduction occurs intra- or extra- 
cellularly is a debated question. 

CELL TYPES IN RELATION TO VIRUS REPROnUCTION 

In view of the fact that viruses apparently multiply only in 
the presence of living cells, it is advisable to ascertain what 
kinds of living cells promote their reproduction best, and what 
effect upon the cells is induced by this reproduction. 

Spedes specificity. A rmarkable species specificity is ex¬ 
hibited by many viruses. The Rous sarcoma grows only in 
chickens. Sanarelli’s virus of infectious myxomatosis and Virus 
III are active only in rabbits. The “salivary gland virus” 
described by Cole and Kuttner apparently affects only guinea 
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pigs. A wilt virus that attacks one kind of caterpillar is innocu¬ 
ous for other caterpillars. The virus of poliomyelitis is active 
only in man and the monkey. 

Importance of young cells. Frequently young cells seem essen¬ 
tial for the activity of viruses. The bacteriophage multiplies 
only in the presence of young bacteria. Old or dead bacteria 
are not lysed except in the presence of young living forms. The 
activity of mosaic viruses is manifested only in young leaves. 
This applies also to the infectious chloroses transmitted by 
grafting only. Virus diseases usually attack insects in certain 
stages of development. In the higher forms of Ufe virus activity 
is also best exhibited not in old, undernourished, sickly individ¬ 
uals, but in young healthy ones. Injury also plays an important 
r61e in the infectiousness of many virus diseases, not the role, 
however, of furnishing a nidus of dead tissue for the growth of 
the viruses, since dead tissues do not promote their growth, but 
the r61e of furnishing young cells or growth-promoting factors 
usually found in their vicinity. Injury necessitates repair. 
Restoration, as is well known, is accompanied by young cells. 
In a rabbit’s cornea and skin the activity of vaccine virus, herpes 
virus, and Virus III is first seen along the lines of scarification. 
Furthermore, the evidence of this activity is first found in the 
young ceUs filling in the defects caused by the injury. Old cells 
may become involved later (see fig. 5). Rous and Murphy, work¬ 
ing with chicken sarcomas, observed phenomena that seem to be 
related to injury. Injections of virus emulsion and kieselguhr 
give rise to more rapidly appearing and more diffusely growing 
tumors than does the inoculation of virus emulsion alone. More 
metastases are found in the ovaries during egg laying seasons 
than during quiescent periods. These phenomena are probably 
due to the presence of young cells participating in the repair of 
injured tissues. 

Cytotropic phenomena. In some diseases produced by ordinary 
bacteria and in many caused by viruses, a certain amount of 
“selective tissue localization” is apparent. Variola, chicken- 
pox, and contagious epithelioma usually attack the skin; rabies 
and poliomyelitis, the brain; Rous’ sarcoma, mesodermal tissue. 



230 


T. M. RIVERS 


TnaCTniifih as vaccine virus, herpes virus, and chickenpox virus 
attack both ectodermal and mesodermal cells, it seems that a 
position of exaggerated importance has frequently been accorded 
this phenomenon of "selective tissue localization." Nevertheless, 
some viruses, e.g., the virus of rabies and poliomyelitis, exhibit 
a remarkable affinity for cells of certain tissues and apparently 
can neither multiply nor produce signs of disease unless they 
come into a close relation with these cells. 

Injury naturally plays an important part in the infectiousness 
of diseases that exhibit pronounced cytotropic phenomena. In 
this case it is not the fimction, however, of providing young cells, 
but the rdle of mechanically making it possible for the viruses to 
come in contact with susceptible types of cells. 

EFFECTS OF VIRUSES UPON CELLS 

It has been shown that some viruses multiply only in a re¬ 
stricted number of hosts, that frequently this multiplication 
occurs only when the virus is in close relation with certain types 
of cells, and that young, actively growing cells play an important 
r61e in the infectiousness of many virus diseases. Now a word 
will be said in regard to the effects produced in cells by viruses. 
At first the involved cells show a remarkable increase in size, 
often with amitotic division of the nuclei. The increase in size 
gives one the impression that it is due to growth phenomena and 
to imbibition of fluid. This process is spoken of as ballooning 
degeneration. Eventually the cells die and go to pieces. This 
process is spoken of as coUiquation (see figs. 1,2,3 and 4). Two 
forces seem to operate: one stimulating the cell, the other de¬ 
stroying it. Consequently the picture produced by a virus 
disease is more or less dependent upon which of these forces 
predominates. Chicken-pox, foot-and-mouth disease, zoster, 
variola, and lysis of bacteria by phage are diseases in which de¬ 
structive agencies predominate. Hous’ sarcoma, contagious epi¬ 
thelioma, fowl leukemia, and warts are diseases in which stimulat¬ 
ing forces are dominant. A few observers have attempted to 
classify the cytotropic viruses under cytolytic and cytoldnetic 
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headings with subdivisions under each according to the type of 
cells involved. Such a classification is premature. In table 1, 
however, a suggestion of the possibility is seen in the arrangement 
of the diseases. 

It is not known whether the viruses multiply intra- or extra- 
oellularly. Nevertheless, they have a profound influence upon 
cells and cause remarkable changes within them. This influence 
most likely accounts for the fact that in lesions caused by many 
viruses intracellular changes assume appearances characteristic 
enough to be spoken of as inclusion bodies. In this respect many 
virus diseases differ from those caused by ordinary bacteria. 

INCLUSION BODIES 

Viruses usually produce characteristic macroscopic lesions in 
plants, insects, birds, and animals, or cause marked changes in 
their condition. Such alterations and lesions serve as indications 
of virus activity. In addition to the characteristic macroscopic 
lesions aheady mentioned, many viruses also produce equally 
characteristic microscopic changes as evidenced by the presence 
of inclusion bodies in the nuclei and cytoplasm of affected cells. 
There is no obvious reason why these microscopic changes, in¬ 
clusion bodies, should not be used as guides or indicators with 
the same degree of readiness as that with which the macroscopic 
lesions are employed. Diagnoses based upon the pictures pre¬ 
sented by aggregates of cells, as in tuberculosis and cancer, are 
familiar to all and no one is astonished any more at the correct 
diagnoses made by competent pathologists. Why not, then, 
use pathological pictures found within cells as aids in diagnostic 
and experimental work? Intracellular pathology can be used in 
this manner. As a matter of fact, it has been used for a long 
time in the diagnosis of rabies and smallpox. 

Inclusions have been seen in the cells of plants, insects, fish, 
birds and mammals affected by virus diseases. Many of the 
inclusionB described, however, cannot be accepted as specific or 
characteristic and it is these that detract from the significance of 
those which are well established and accepted by numerous 
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critical investigators. No worker familiar with the microscopic 
pathology of the virus diseases doubts the importance and signifi¬ 
cance of Guarnieri bodies, Negri bodies, Bollinger bodies, and the 
nuclear inclusions seen in varicella, herpes, and several other 
diseases. 

Various ideas are held concerning inclusions. Some investi¬ 
gators consider th^ merely as products of degeneration, but 
others believe that they are the virus itself, while yet others think 
of them as virus surrounded by a mantle of altered cellular ma¬ 
terial. As yet their nature has not been definitely determined. 
Nevertheless, in spite of the ignorance concerning their nature, 
inclusion bodies have held and will continue to hold an important 
position in the study of this group of diseases. Many attempts 
to produce significant inclusions by artificial means have been 
\msuccessful. Therefore, under properly controlled conditions 
the presence of inclusions, accepted as significant, will undoubtedly 
in the majority of instances be indicative of the presence of a 
virus in the immediate vicinity. 

Inclusion bodies have not been found in all virus diseases. 
In some they may have been overlooked, while in others they 
may not occur. A restudy of the diseases of unknown etiology 
may reveal many interesting changes within the cells. These 
studies, however, must be made or guided by well trained men 
with a wide knowledge concerning normal and pathological 
tissues in order to prevent the literature from being flooded with 
reports dealing with inclusions not of a characteristic or specific 
nature. 


EESISTANCE TO PHYSICAL AND CHEMICAL AGENTS 

It is generally believed that viruses are more resistant to 
glycerol than are ordinary bacteria. This is not universally true, 
however. Virus III, the “salivary gland virus” of guinea pigs, 
and others are not active after remaining in 50 per cent glycerol 
for six weeks. On the other hand, many bacteria, particularly 
if in tissues, remain viable in glycerol much longer than 6 weeks. 
The extensive use of glycerol for the preservation of viruses is 
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probably largely dependent upon the fact that viruses are usually 
very susceptible to conditions in autolysing tissues and that 
glycerol acts as a desiccant and retards autolysis of the tissues 
containing the viruses. 

All viruses are inactivated by high temperatures. The degree 
of heat necessary to accomplish this varies from 45° to 80°C. 
depending on the virus. The majority of them resist low tem¬ 
peratures. Repeated freezing and thawing with liquid air 
( —186°C.), however, does not sharply separate them from 
ordinary bacteria on the one hand and from enzymes on the 
other. Under ordinary conditions some retain their activity 
in vitro for periods of 5 years, others become inactive within 48 
hours. Some resist putrefaction and drying. Extraction with 
chloroform, acetone, alcohol, and toluol for periods of 2-8 days 
does not inactivate some dried viruses (vaccine virus). A few even 
in a wet state are not inactivated in this manner (virus of to¬ 
bacco mosaic). Dry spores of certain bacteria (B. subiilis) also 
resist extraction by means of these agents. The virus of con¬ 
tagious epithelioma is active after exposure for twenty-four 
hours to 1 per cent sodium hydroxide.* Three per cent phenol 
does not inactivate the virus of African horse sickness. Plant 
cells are supposed to be more tolerant of the injmious action of 
bile and saponin than are animal cells. In view of the general 
susceptibility of the viruses to the action of these agents, some 
workers are inclined to believe that they are more closely related 
to protozoa than to bacteria. There are a number of striking 
exceptions to the rule, however. More evidence is not needed 
to convince one that a wide range in the degree of resistance to 
physical and chemical agents is exhibited by the viruses, and 
that a classification based upon resistance to such agents is as 
impossible of accomplishment as is an adequate classification of 
ordinary bacteria by means of thermal-death-pomt determina¬ 
tions. 

* According to Friedberger, this atstementis incorrect. 


JOVBNAL OP BAOrSBIOLOaT, POI.. VO. 4 
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QUESTION OF THE CORPUSCULAR NATURE OP VIRUSES 

The question of the organized or corpuscular nature of the 
viruses has not been satisfactorily settled. This is due to the 
fact that most workers realize that the granules which are seen, 
which are frequently held back by filters, and which are thrown 
down by prolonged centrifugation may not represent virus alone. 
This is particularly true since viruses exhibit a remarkable ten¬ 
dency to be adsorbed by many things with which they come in 
contact. 

DO VIRUSES RESPIRE? 

Very little information concerning the respiration of viruses is 
available. Recently, however, Bronfenbrenner reported that he 
was unable to detect any respiration on the part of phage, herpes 
virus, and rabies virus in the absence of living host cells. He 
also found, taking the rate of multiplication into consideration, 
that growing bacteria plus phage show no more respiratory 
activity than do growing bacteria alone. 

MUTATION (?) OP VIRUSES OR THE RESULTS OP THEIR ADAPTATION 

TO. NEAV HOSTS 

Mutations of bacteria with concomitant changes in their 
characteristics are at present of particular interest to bacteriolo¬ 
gists. Naturally the question arises then as to whether viruses 
can mutate. In the field of filterable viruses, however, this is 
not a new question, inasmuch as it has been under discussion in 
regard to the relation between vaccine virus and the virus of 
smallpox since Jenner’s time. In spite of all contradictions, it 
seems that smallpox virus passed through several calves becomes 
vaccine virus. Furthermore, if a sufficient number of passages 
is made in calves, it is impossible for this altered virus to regain 
the characteristics of smallpox virus even after repeated passages 
in men. Observations of a similar nature have been made in 
regard to other virus diseases, e.g., contagious epithelioma of 
chickens and pigeons, and mosaic disease of tobacco and cucum¬ 
bers. Whether it is correct to speak of these phenomena as 
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examples of mutation is not known. In any event, when virases 
are adapted to alien hosts, their characteristics are frequently 
altered as well as are those of the diseases produced by them. 

DO THE VIBUSES EXIST IN A LIVING STATE? 

The question as to whether the viruses are animate or inani¬ 
mate is also an old one, inasmuch as it was propounded simul¬ 
taneously with the discovery of the filterable nature of the 
viruses. Beijerinck's idea of a living contagious fluid called 
forth many protests. Sanfelice working with fowl-pox in 1914 
found that the virus was not inactivated by 1 per cent sodium 
hydroxide, and, because of this fact, he was led to think of it as 
an inanimate poison capable of attacking normal cells and pro¬ 
ducing within them a poison of a similar nature which in turn 
could attack other normal cells. Thus he described his idea of 
how a lifeless agent niight be passed in series reproducing itself 
indefinitely. The work of Twort, d’Herelle, Bordet, and others 
concerning the bacteriophage is familiar to all. The munerous 
discussions concerning the nature of this active agent have led 
investigators to question more closely the living nature of other 
filterable viruses. Many tests have been devised to act as 
criteria for the presence of life, but so far no one of them has been 
found satisfactory. Therefore, it is impossible at present to 
say whether the viruses are animate or inanimate. Further¬ 
more, it is wise to leave the subject at this point as further pur¬ 
suit of it leads one into the sterile discussion of what life is, a 
problem still in the realm of metaphysics. 

IDENTITY OP THE EPITHELIOTBOPIC AND NEUBOTBOPIC VIBUSES 

In table 1 the diseases from swine-pox through rabies have 
been arranged and bracketed in a way that quickly shows the 
relation claimed by different workers to exist between members 
of the group. There is undoubtedly a close relation between 
the diseases in the upper part of the group-swine-pox through 
alastrim. It is now generally believed that chicken-pox and 
smallpox are distinct and different diseases. This has not always 
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been the case, however, and as late as the middle of the 19th 
century Hebra taught that they were identical. Even at the 
present time there is a difference of opinion in regard to the 
relation of smallpox and varioloid to alastrim on the one hand, 
and of chicken-pox to alastrim on the other. Gildemeister and 
Herzberg recently offered experimental evidence to support the 
idea of a close relation between herpes virus and vaccine virus 
and suggested that one might be a mutant of the other. Bokay's 
paper on the relation of chicken-pox to herpes zoster appeared 
in 1909, and since then a number 6f other papers have appeared 
in which the idea that the two diseases are identical has been 
supported or opposed. For many years there has been much 
discussion concerning the interrelationship existing between the 
various kinds of herpes, and this interest has been stimulated by 
the work of Doerr, Levaditi, Flexner and Amoss, and others on 
herpes and lethargic encephalitis. There is great confusion of 
ideas and facts in regard to encephalitis. Several kinds of viruses 
have been obtained from the brains of individuals who have died 
after showing signs of encephalitis, and to each of these viruses 
has been ascribed an etiological r61e. I am not convinced that 
this r61e, in many instances, is more than an accidental one. 
Furthermore, since encephalitis follows a number of infectious 
diseases, I am not convinced that the brain is the proper place 
to look for the etiological agent, inasmuch as other agents besides 
viruses and bacteria attack nervous tissue, toxins for instance. 

Many of the viruses may be closely related or some may have 
evolved from a common ancestor. Nevertheless, it will be hard 
to convince observant workers that chicken-pox, symptomatic 
herpes, and smallpox now possess much in common. Since a 
great deal of the evidence in favor of the identity of these viruses 
has been obtained by means of cross immunity experiments 
conducted in the skin of human beings and animals, it is possible 
that a factor generally overlooked or underestimated is responsible 
for some of the confusion. Jenner and others of his time recog¬ 
nized the fact that skin diseases, exanthema, and extensive 
mechanical injury might induce a temporary refractory state 
to vaccine virus. This phenomoion was thou^t to be dependent 
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upon some non-specific factor. Ledingham recently reported 
that India ink injected into the skin of a rabbit rendered it re¬ 
sistant locally to vaccine virus for forty-nine days. Carnot has 
shown that skin treated several times with ultra-violet li^t is 
temporarily refractory to vaccine virus. Experienced workers 
invariably tell inexperienced ones not to use areas of skin pre¬ 
viously handled when conducting cross immuni ty experiments. 
Busson has reported that guinea pigs immunized a short time 
previously to vaccine virus resisted a known lethal dose of rabies 
virus. He thought that the protection was probably non-specific. 
Enough has been said to show how easily one may be misled in 
regard to the identity of the viruses if one is not cognizant of the 
difficulties usually encountered in this field of work. 

MEASLES 

Measles is usually placed with the filterable virus diseases. 
Recent reports, however, support the idea that it does not belong 
here. Results obtained in its prevention constitute much of 
the evidence used to substantiate different etiological claims. 
The conflicting reports concerning the cause and prevention of 
measles afford an excellent example of the difficulties frequently 
experienced when one attempts to evaluate work in the virus 
field. The importance of this disease and the special interest 
recently aroused concerning it make it advisable to examine in 
detail some of the reports in the hope of finding an explanation 
for the diversity of opinions. 

Etiology. Blake and Trask, and others have reported that 
sterile filtrates obtained from measles patients produce lesions 
in monkeys similar to those seen in man. Tunnicliff, Donges, 
Ferry and Fisher, and Hibbard and Duval have cultivated a 
non-hemolytic streptococcus from the blood of measles patients. 
Tunnicliff recovered the streptococcus in 42 instances from the 
blood of 52 patients, but from 20 of the cases she was also able to 
cultivate o^er bacteria in addition to the streptococcus, e.g., 
10 agrobic and 12 anaerobic diphtheroids, 6 filamentous organisms, 
4 Gram-negative spirilla, 1 black-pigment-forming bacillus, 4 
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large spore-fonning bacilli, and 3 staphylococci. Furthermore, 
she was able to obtain a different kind of streptococcus from the 
blood of patients with German measles. Ferry and Fisher, 
and Timnicliff are now able to show that the “measles streptococ¬ 
cus” produces a toxin which may play an important etiological 
r61e. According to this view there is a striking analogy between 
measles and scarlet fever. From the blood of measles patients 
Salimbeni and Kermorgant have cultivated a delicate spirochete 
associated with a Gram-negative bacillus; Sellards and Bigelow, 
a small Gram-positive bacillus; Kusama, by means of passage 
through monkeys, a Gram-positive diphtheroid-like bacillus. 
Caronia believes that a Gram-negative, anaerobic, filter-passing 
organism, which he obtained from the blood and several other 
sources in measles patients, is the cause of the disease. Further¬ 
more, filtrates from Caronia’s cultures apparently give negative 
skin reactions in measles susceptibles and positive ones in individ¬ 
uals who have recovered from the disease. 

In spite of the fact that measles is generally considered a virus 
disease, a great variety of bacteria have been recovered from 
the blood of measles patients. All of these bacteria cannot be 
the cause of the disease, however. It seems not unlikely that 
the blood of measles patients is easily invaded by many kinds of 
organisms. This fact does not seem very remarkable when one 
considers the leucopenia and the abnormal condition of all the 
mucous membranes that regularly accompany the disease. 

Prevention. Cenci, in 1907, was probably the first to use con¬ 
valescent serum in the prevention of measles, and this measure 
has since been shown to be fairly effective in preventing the 
disease provided the serum is adnxinistered within five or six 
days after exposure. This type of protection usually lasts only 
a few weeks. Salisbury, in 1862, reported that subcutaneous 
injections of wheat rust, a fungus, if made within a few days 
after exposure, usually prevented the development of measles. 
Galli, in 1922, reported that injections of normal horse serum 
protected exposed children. Caronia claims that his vaccine, 
given within five or six days after exposure, protects as well as 
convalescent serum. This claim has been confirmed by Nobel 
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and Schonberger in Pirquet's clinic. They state, however, that 
the protection is probably non-specific or that it is due to hetero- 
genetic antibodies. De Groer and Redhch made a Forssmann 
antigen from kidney extracts of certain animals. With this 
antigen they obtained as good, if not better, protection than that 
secured with convalescent serum. The protection lasted only 
two to eight weeks. Schilling reported that injection of Caseosan 
protected children exposed to measles. Tunnicliff immunized 
goats to the “measles streptococcus." The immune goat serum 
is said to protect against measles and to exhibit local rash preven¬ 
tion propensities. No reports have been seen in regard to the 
action of normal goat serum. In fact, there is no evidence that 
such controls were made. By means of virus cultivated in human 
blood cells and plasma, Degkwitz immunizes the sheep, an ani¬ 
mal that has not been shown to be susceptible to measles. This 
izmnune sheep serum is reputed to prevent and possibly to cure 
measles. To act as a preventive it must be administered between 
the seventh and eleventh days after exposure. This seems odd, 
since convalescent serum and Caronia’s vaccine must be given 
within five or six days after exposure. Many reports have 
appeared concerning the action of the immune sheep serum; some 
favorable, others unfavorable. 

The facts presented concerning the work on measles make it 
obvious that all of the reports cannot be correct. Furthermore, 
it seems that the successful prevention of the diseases is not 
always dependent upon specific measures. When one is exposed 
to measles in the natural way, it is unlikely that one comes in 
contact with much more than a minimal infecting dose. Under 
these circumstances there is a possibihty that many foreign sub¬ 
stances if injected into patients at the proper time after exposure 
may in a non-specific manner protect them temporarily. This 
possibility, however, is inadequate excuse for the injection of 
all kinds of foreign substances into patients, and, if such tactics 
are continued, it will be difficult to establish the proper measure 
of prevention when it is found. 
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MALIGNANT OROWTHB 

A discussion of malignant growths in connection with filterable 
virus diseases may seem out of place. Nevertheless, recent 
reports concerning the nature and origin of tiunors make it 
necessary to say a word in regard to the subject. 

Sanarelli, in 1898, described an infectious myxoma of rabbits. 
Later Moses was able to transmit the tumor by means of sterile 
filtrates. Rous and Murphy have shown that some spontaneous 
tiunors in chickens are transmissible by means of tumor filtrates. 
These chicken tumors have led to a great deal of discussion in 
regard to their importance in the general study of malignant 
growths. Recently increased interest has been aroused in the 
Rous sarcoma and in the general cancer problem by Gye, who 
reported that two factors are essential for the production of malig¬ 
nant growths, one of which is a living organized virus capable of 
multiplication in certain complex media. The virus cultivated 
under these conditions, however, is innocuous and only becomes 
capable of producing tumors when mixed with a second specific 
factor found in tumor filtrates inactivated by means of chloro¬ 
form, heat, and antiseptics. Murphy, Cori, and Harde are of 
the opinion that Gye did. not properly control his experiments. 
Furthermore, the two former workers have been able to reacti¬ 
vate a chloroform treated filtrate by the addition of substances 
containing no virus. Since Gye has not conclusively demon¬ 
strated that all the virus in his treated filtrates was inactivated 
and since others have shown that 4 cc. of such filtrates produce 
tumors when 2 cc. fail, the proof that two factors are essential 
or that the virus has multiplied in cultures is unconvincing. 

Gye’s ideas and experimental results concerning the production 
of chicken sarcomas are diametrically opposed to those of Carrel, 
who has reported that he was able to produce sarcomas, trans¬ 
missible by filtrates, by injecting into chickens embryonic tissue 
mixed with tar, arsenic, or indol. Carrel believes that the 
etiological agent of these tumors ordinates within cells of the 
host under certain conditions and is of a phage-like nature in 
the sense that it transforms normal cells into maJignmit ones 
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which die and liberate more of the active agent. In this manner 
the virus is supposed to reproduce itself indefinitely. On the 
other hand, Murphy and Landsteiner were unable to produce 
sarcomas, transmissible by filtrates, by injecting into chickens 
mixtures of embryonic tissue and tar. Carrel’s conception of 
the origin of tumors is not a new one, inasmuch as Sanfelice in 
1914, Twort, and Doerr more recently voiced exactly the same 
idea. Nevertheless, no one has offered as much evidence as 
Carrel that the conception is correct. In view of the fundamental 
significance of such a conception from a broad biological stand¬ 
point, reports concerning attempts to confirm this work will 
be eagerly awaited by workers in this field. At the present time 
no final conclusion can be drawn. 

FUTURE STUDY OF VIRUS DISEASES 

The etiological agents of some of the diseases in table 1 will 
probably be cultivated or otherwise definitely identified. Conse¬ 
quently attempts to cultivate them should not be abandoned 
entirely. On the other hand, the indications are that some 
viruses will not be cultivated in the absence of living cells until 
cells and their activities can be more accurately imitated. There¬ 
fore, cultivation experiments should not engage our entire 
attention. Kraus and others have suggested that filterable 
stages of bacteria, protozoa, and spirochetes may play a r61e in 
certain virus diseases. This is unlikely. The fact that it is 
impossible to cultivate in simple media the filterable forms of 
these etiologic agents does not explain why the non-filterable 
forms are invisible or insusceptible of cultivation. 

How, then, is progress to be made in the study of virus diseases? 
It will be difficult for the best trained workers and doubly diffi¬ 
cult for ones poorly trained to progress rapidly in this field. As 
long as viruses resist cultivation on simple media, just so long 
will it be necessary to study them in the host, in the tissues of 
the host, or in emulsions and filtrates of the tissues. At times 
it may be impracticable to study a disease adequately in its 
natural host, e.g., man. In such instances efforts are usuaUy 
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made to establish the disease in a suitable experimental host. 
In order to recognize and identify the disease in the new host, 
the worker must be familiar with the clinical and pathological 
picture in the old one and at the same time capable of employing 
the necessary immunological tests. Furthermore, it must be 
remembered that the new host may decidedly alter both the 
disease pictm^ and the virus, and that this host may be subject 
also to natural virus diseases of its own. Therefore, under such 
circumstances, one should be careful in explaining the unknown 
in the old host by means of facts obtained from studies conducted 
in the new. 

Sufficient attention has not been paid to the effect that viruses 
have upon each other when acting simultaneously or alternately 
in the same animal or to the effect that other kinds of diseases 
have upon the localization and activity of viruses. In regard 
to herpes zoster, herpes simplex, cancer, and encephalitis follow¬ 
ing vaccination one frequently hears the statement that a latent 
virus has become active in the presence of injury or the activity 
of a new virus. I have already suggested that some viruses 
might persist in the body for a long time. There is definite 
proof of this persistence, however, in only a few instances. In 
how many more it occurs is not known. One should not assume 
the presence of a latent virus without at least attempting to prove 
the validity of the assumption. 

Prevention of a virus disease does not necessarily depend upon 
the visibility of the etiological agent or upon a complete knowl¬ 
edge of its pedigree, as is evidenced by vaccination against small¬ 
pox and rabies. It appears that the use of active virus either 
in small amounts or in an attenuated state is the only means by 
which a lasting protection can be obtained. Money and time 
would be well spent, then, in attempting to remove the un¬ 
necessary and objectionable ingredients of virus emulsions used 
for vaccination purposes. Moreover, it might be wise to make 
further attempts to determine whether, in some instances, 
instead of vaccination with active viruses, the repeated sub¬ 
cutaneous injections of purified and inactivated viruses lead to 
a degree of i mmuni ty sufficient to warrant their use. 
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SUMMARY 

In the majority of virus diseases a close relationship between 
the etiological agents and the cells of the hosts exists. This 
intimate type of parasitism is emphasized by the fact that some 
of the diseases exhibit a striking species specificity, that the 
viruses have resisted cultivation in the absence of living cells, 
that characteristic or specific pathological changes are frequently 
observed in cells affected by viruses, and, finally, that a host 
once recovered from a virus disease usually exhibits a lasting 
immunity. 
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PLATE 1 

Fiqs. 1 AKD 2. Hyperplasia and necrosis in mosaic tomato fruits. Compare 
with figures 3 and 4. (Reproduced from Jour. Agric. Researchi 1025, 30, 871, by 
the courtesy of M. W. Gardner.) 

Fxos. 3 AKD 4. Stimulation and destruction of epidermal cells by the virus of 
chicken-pox. Compare with figures 1 and 2. 

Fig. 5. Section of rabbit’s cornea removed forty-eight hours after inoculation 
with herpes virus. Intracellular changes, nuclear inclusions, are only in the 
young cells filling the defect caused by scarification. 
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The relation between the chemical constitution and the germi¬ 
cidal activity of certain monohydric alcohols and phenols has 
already been discussed (Tilley and Schaffer, 1926). The present 
paper will report an extension of these studies to other monohydric 
alcohols and phenols and to some dihydric phenols and the cor¬ 
responding intermediate ketones. 

MATERULS 

Some of the compounds studied were secured from commercial 
sources; others were obtained through the courtesy of Dr. Veader 
Leonard, of Johns Hopkins University, to whom we are greatly 
indebted while still others were prepared in this laboratory. Pre¬ 
vious work having demonstrated the necessity for a very hi^ 
degree of purity, considerable attention was devoted to the ade¬ 
quate purification of the samples employed. In the case of the 
compounds obtained from commercial sources, efforts were made 
to ascertain the methods of production. Steps were then taken 
to purify each compoimd by the application of appropriate 
meriiods of fractional distillation, crystallization, or extraction. 
The compounds obtained in this manner were phenol, resorcinol, 
ordnol, the cresols, the cyclohexanols, the xylenols, the alcohols, 
Uiymol, and carvacrol. The substances placed at our diqiosal 
by Leonard comprised the n-alkyl resorcinols from n-propyl re¬ 
sorcinol to n-octyl resorcinol inclusive, the isoresorcinols from 
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ipiriimtyl resorcinol to isohexyl resorcinol inclusive, and the ooy> 
teeponding intermediate ketones of both series. Dohme (Sharpe 
and Dohme and Dohme, 1925) has reported melting points for 
some of these compounds and as the preparations furnished us by 
liBonard were found to melt at the corresponding temperatures 
and as they appeared to be already of a high degree of purity, 
they were at first used in the bacteriological tests without fiu^her 
attempts at purification. In tables 1 and 5 these preparations 
are indicated by the addition of “Ai” to the names of the respec¬ 
tive compounds. 

In testing the bacteriological action of these preparations, how¬ 
ever, we were not always able to duplicate the results of previous 
investigators (Johnson and Lane, 1921; Leonard, 1924), and 
since we noted marked irr^larities in our own results we decided 
to attempt the further purification of the samples of the n-alkyl 
resorcinols received from Leonard. The members of the n-aUcyl 
resorcinol series were therefore recrystallized from various sol¬ 
vents, for the most part from petroleum ether and from mixtures 
of petroleum ether, and benzene, until by repetition of the process 
no furthw change could be produced in the melting points and 
bactericidal properties. It appears that in this way certain im¬ 
purities of hi^ bactericidal power were eliminated from the 
samples of n-butyl resorcinol and n-amyl resordnol, but no 
apineciable change was produced in the otW n-alkyl resorcinols. 
The recrystdlized resorcinols have been designated by the sym¬ 
bol in tables 1 and 5. 

In view of the variations in bactericidal properties shown by 
some of these compoimds in the course of sev«*al recrystallizft* 
tions, it was thought best to check these results by carrying out 
another series of tests with materials obtained from anotii«r 
source. Accordingly, the followm^ compounds w&re prepared in 
this laboratory—n-propyl resorcinol, n-butyl resorcinol, n-amyl 
resorcinol, and n-octyl resorcinol; and at the same time the series, 
was extended to include ethyl resorcinol, n-nonylresorcinol, and 
a mixture consisting largely of n-octyl and n-deoyl reson^ls. 
The metibod used in the preparation of tibese compounds was that 
reported by Johnson and Lane (1921), the fatty acids emi^yed 
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being very highly purified except in the case of the mixture men> 
tinned above. The ethyl resorcinol, n-propyl resorcinol, n-butyl 
resorcinol, n-amyl resorcinol, n-octyl resorcinol, and n-nonylre- 
sorcinol were recrystallized until no further change was produced 
in the melting point or bactericidal properties, the finally purified 
samples being designated by “B*” in tables 1 and 5. In the case 
of n-butyl resorcinol and n-amyl resorcinol, partially purified 
products were also examined and have been designated as “Bi”* 
In the preparation of the mixture of alkyl resorcinols, the fatty 
acid used was a mixture obtained by the fractional distillation of 
the fatty acids of coconut oil and had an average molecular weight 
of 168 and a boiling point of 262°-285°. In view of the analysis 
of coconut oil reported by Armstrong et al. (1925), the sample of 
mixed alkyl resorcinols was presumably a mixture of n-octyl and 
n-decyl resorcinols together with small amounts of higher homo- 
iogues. For the sake of convenience this mixture of resorcinols 
has been designated “coconut” resorcinol. 

In addition to the compounds already mentioned, some of the 
para-alkyl phenols were also prepared. In the preparation of the 
p-n-amyl phenol and the p-n-hexyl phenol, the respective fatty 
acids were first of all combined with anisole in the presence of 
aluminum chloride to produce the para-alkyl ketone phenyl ether, 
after which the ketone was reduced with zinc and hydrochloric 
acid to give the para-alkyl phenyl ether, which in turn was reduced 
with phosphorus and hydriodic acid to produce the desired phenol. 

The p-isoamyl phenol was made by condensing isoamyl alcohol 
with phenol in the presence of zinc chloride. While its compo¬ 
sition is not definitely known, it probably is either p-isoamyl 
phenol or p-tertiary amyl phenol. Para-benzyl phenol was pre¬ 
pared through the action of benzyl chloride on phenol in the 
presence of zinc. (Zincke and Walter, 1904). 

The constants of the materials as finally used in the bactericidal 
tests have been assembled in table 1. For the boiling points, 

^ Alter the major portion of this work had been completed Dohme et al. 
(1986) pttbliahed new constants for some of the alkyl resorcinols originally men- 
tioiiad by Dohme and in addition added constants for those alkyl resorcinols 
ttamed above and not previously reported by Dohme. 



TABLE 1 

Physical constants of the substances tested 
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standardized Anschutz thermometons were used, the stems being 
immersed in the vapors of the liquid during distillation. When 
the determinations were made at prevailing atmospheric pres¬ 
sures, which varied between 755 and 775 mm., the observed tem¬ 
peratures were corrected to normal pressure by use of the table 
of Young (1902). The solidification points were determined, 
when a sufficient quantity of material was at hand, by immersion 
of the bulb and part of the stem of the thermometer in the ma¬ 
terial as it solidified. The melting points were determined by the 
capillary tube method in the usual manner. 

BACTBBIOLOOICAL WOBX 

For the purposes of the present investigation, just as in our 
previous work, the germicidal efficiency of the various compounds 
studied has been measured by the phmol coefficients determined 
by a modified Rideal-Walker method. The exact technic has 
been described in oiu previous paper but we wish again to empha¬ 
size the fact that the coefficients obtained by this method, unlike 
those determined by other methods, are based on the relative 
amounts, by wei^t, of the disinfectant and of the phenol stand¬ 
ard required to kill the lest or^mism in the same length of time. 

in addition to the ordinary phenol coefficients there are also 
shown in the tables what are designated as “molecular” coeffi¬ 
cients. As explained in our previous paper, these are the phenol 
coefficients reduced from thm original gram-weight basis to a 
gram-molecular basis. 

In direct continuation of our previous work with the para 
phenols, p-n-amyl phenol and p-n-hexyl phenol were prepared and 
tested. The results obtained are shown in table 2 with results 
reported in the previous paper, which are repeated for convooient 
reference. 

In the column headed “Ratio” there are shown the ratios be¬ 
tween the molecular coefficients of successive members the 
series. It will be sera that the average ratio of 3.3 mratUmed 
in our previous paper holds true witii JB. typhonu as the test 
organism up to the coefficient of p-n-hexyl phraol, which is less 
than the figure expected. In this respect it resembles the ooef- 
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ficients of the higher resorcinols, as will be seen later. The 
average ratio with Staph, aureus as the test organism is 3.1 for 
the entire series. 

The molecular coeflScients of the higher members of the series 
have been calculated from the coefficients of para cresol by use 
of these ratios and the coefficients thus obtained are shown in 
table 2 under the heading “Calculated.” It will be seen that 
they correspond very closely to the observed coefficients, except 
in the case of p-n-hexyl phenol with B. typhosus as the test 
organism. 

A number of additional phenols and alcohols were also ex¬ 
amined. The results obtained are shown in table 3. 


TABLE 2 

Coeficxents of the para-^phenols 


NAitB 

TIST OROANISM B. TTPHOSrB 

TEST ORQANIBM STAPH. AURBUB 

1 

Phenol 

coeffi¬ 

cient 

1 Molecular coefficiente 

Phenol 

coeffi¬ 

cient 

1 Molecular coefficienbi 

Ob¬ 

served 

Ratio 

Calcu¬ 

lated 

Ob¬ 

served 

Ratio 

Calcu¬ 

lated 

Cresol. 

2.5 

2.9 

3.3 


2.2 

2.5 

3.1 


Ethyl phenol. 

7.4 

9.6 

3.2 

9 6 

6 

7.8 

3.1 

7.8 

Propyl phenol. 

21.6 

31 

3.5 

31.7 

16.5’ 

24 

3.3 

24 

Butyl phenol. 

68 

108 

3.2 

105 


79 

3 

75 

Amyl phenol. 

197 

344 

2.7 

346 

139 

243 

2.9 

232 

Hexyl phenol.... 

500 



1,140 

375 

710 




Examination of the results shown in tables 2 and 3 indicates 
that the germicidal activity of isomeric compounds may vary 
widely, depending on the relative positions of the various con¬ 
stituent groups. Examples of this may be seen by comparing 
the coefficients of p-cresol and p-ethyl phenol with those of benzyl 
alcohol and phenylethyl alcohol, respectively, or the co^cient 
of p-ethyl phenol with the coefficients of the xylenols, or the 
coefficients of n-butyl phenol with the coefficients of thymol 
and carvacrol. So far as the isomeric phenols are concerned 
it appears that maxunum efficiency is shown by those in which 
normal alkyl fibnina are attached to the benzene ring in a 
position para to the hydroxyl group, and that among these para 













266 


J. M. SCHAFFEB AND F. W. TILIiBT 


compounds the bactericidal power increases with the increase 
in length of the alkyl chains. 

If the results here reported for diethyl and triethyl carbinols 
be considered with the results for other alcohols r^orted in our 
previous paper it seems evident that among isomeric alcohols 
greatest eJdiciency is shown by compounds having the longest 
straight chains. 


TABLE 3 

Phenol coefficients of certain monokydric alcohols and phenols 


fiUBBTANClS 

PBBKOL 

OOBFPICIBNT 

MOLBCULAB 

COBUTtClBNT 

o-Cresol. 

2.2 

2.6 

m-Cresol... 

2.4 

2.8 

Cyclohexanol. 

0.52 

0.55 

0 -Methyl cyclohexanol. 

1.05 

1.27 

m-Methyl cyclohexanol. 

1.25 

1.62 

p-Methyl cyclohexanol. 

1.30 

1.58 

p-Xylenol. 

5.5 

7.1 

As 3 ntnmetric o-xylenol... 

5.3 

6.9 

A 83 rmmetric m-xylenol. 

5.8 

7.5 

Vicinal m-xylenol. 

4.2 

6.5 

Thymol. 

28.5 

45 

Carvacrol. 

27.5 

44 

p-Benzyl phenol. 

62 

121 

p-Isoamyl phenol. 

74 

129 

Diethyl carbinol. 

Tri ethyl carbinol. 

0.36 

0.95 

0.34 

1.17 

Benzyl alcohol. 

0.76 

0,87 

Phenyl ethyl alcohol. 

0.90 

1.17 



Test organism, B, iyphoem, strain no. 1. 


It is interesting to note that the coefficients of cyclohexsnol 
and the methyl cyclohexanols are approximately half as great 
as those of phenol and the cresols, while the relative efficiency of 
the isomers remains in the same order of para, meta, and ortho. 

In table 4 there are shown the results obtained with the normal 
and isoresorcinols and the normal ketones, ^cept the acetyl and 
octylyl resorcinols. No results are shown for these two ketones 
b^ause in each case a saturated solution failed to kill B. typhxm* 
within the time limits of the test. The isobutyl, isoamyl, and 
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isohexyl ketones also were so little soluble as to prevent obtain¬ 
ing co^cients for them. 

Oroinol should properly not be included in this homologous series 
of resorcinols because its methyl group is meta to both hydroxyl 
groups, whereas its isomer of this series would have its methyl 
group para to one hydroxyl group and ortho to the other. It 


TABLE 4 

Coefficients of the normal and iso-resorcinols and normal ketones 



PUBNOl. 

COBfTl- 

MOLBC171.AR COBFPlCIBNTS 


CIBNTS 

Observed 

Ratio 

Calculated 

Normal resorcinols: 

Resorcinol... 

0.37 




Orcinol.. 

0.63 




Ethyl resorcinol. 

1.6 

2.35 1 

3.32 


Propyl resorcinol.. 

4.8 

7.8 

26.5 

3.39 

3.39 

7.9 

26.6 

Butyl resorcinol. 

16 

Amyl resorcinol. 

47 

90 

3.37 

89.6 

Hexyl resorcinol. 

147 

303 

2.53 

302 

Heptyl resorcinol. 

360 

770 

1.22 

1,020 

3,400 

Octyl resorcinol. 

wv 1 

400 j 

940 

Coconut resorcinol... 

100 


Jsoresorcinols: 

Iso butyl resorcinol.. 

12.8 

22.6 

3.8 


Isoamyl resorcinol... 

46 

88 

2.4 

70 

Isohexyi resorcinol... 

105 

217 

217 

Normal ketones: i 

Butylyl resorcinol. 

13.5 

26 

3 

Amylyl resorcinol. 

37.5 

78 

3 

77 

Hexylyl resorcinol. 

106 

234 

2.8 

232 

Heptylyl resorcinol. 

280 

660 

700 





Teat organism, B. typhosus, strain no. 1. 


seemed likely, however, that the coefficient of orcinol would be 
nea r oiough to that of its isomer to indicate what the latter 
might be and it was ther^ore included in the table. 

In tiie <»use of the n-butyl and n-amyl resorcinols, purification 
had a marked effect on germicidal efficiency, as will be seen from 
the results shown in table 5 . The samples marked Ai and Bi 


w BACvaaxoapaT* vox., aor* mo. 4 
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were tested before complete purification and those marked Az and 
Bz after complete purification. 

In connection with the molecular coefficients there are shown 
in table 4 in the column headed ''Ratio, ” the ratios between the 
coefficients of successive members of each series. Although there 
are irregularities it seems that with B. typhosus as a test organism 
the average ratio for the normal resorcinols from ethyl to hexyl, 
inclusive, is 3.37 while the ratios for the isoresorcinols and normal 
ketones are approximately 3.1 and 3.0, respectively. 

The coefficients of the higher members of each series have been 
calculated from the coefficient of the lowest member by the use 
of these ratios and the coefficients thus obtained are shown in 
table 4 in the column headed "Calculated.” In the normal 


TABLE * 

Phenol coefficients of resorcinols before and after purification 



COIPFI- 

CIINT 


cosm- 

CIINT 

N-Butyl—Ai*. 

21 

N-Amyl—Ai... 

51 

N-Butyl—Ai. 

15 

N-Amyl—Aj. 

47 

N-Butyl—Bi. 

26 

N-Amyl—Bi. 

53 

N-Butyl—Bi. 

15 

N-Amyl—B*.. 

47 

_-..-..1. 





Test organism, B, typhosus^ strain no. 1. 

* Ai, Bi, before purification; Ai, Ba, after purification. 


resorcinol series the observed and calculated coefficients corre¬ 
spond very closely up to that of n-heptyl resorcinol, where there 
is a decided difference which is still more marked in the case of 
n-octyl resorcinol. The same sort of difference between observed 
and calculated coefficients is seen in the case of the n-heptyl 
ketone. With "coconut” resorcinol the difference between the 
observed and the estimated coeffici^t is even more marked than 
with n-octyl resorcinol. 

When the hi^^er resorcinols were tested at hi^er temperatures 
and over longer periods of time there was an increase in germicidal 
efficiency which was most marked in the hipest memba's of the 
sfflies. With n-hexyl resorcinol a dilution of 1:16000 killed B. 
typhosus in ten minutes at 25°, and 1:20,000 in thirty minutes 
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at 37.5,° while with n-octyl resorcinol a dilution of 1:10,000 
killed the organism in twelve minutes at 20°, 1:40,000 in ten min¬ 
utes at 25°, 1:120,000 in ten minutes at 37.5°, 1:100,000 in thirty 
minutes at 25°, and 1:160,000 in forty-five minutes at 37,5°. 
In a similar manner B. typhosus was killed by ''coconut” resor¬ 
cinol in ten minutes at a dilution of 1:10,000 at 25° and at a dilu¬ 
tion of 1:40,000 at 37.5°, and by n-heptyl resorcinol at a dilution 
of 1:35,000 in ten minutes at 25°, and 1:60,000 in thirty minutes 
at 37.5°. 


TABLE « 

Phenol eoefficiente of phenoU and alcohols with different strains of B, typhosus 



STRAIN 
NO. 1 

STRAIN 

NO. 2 

STRAIN 
NO. 3 

STRAIN 
NO. 4 

STRAIN 
NO. S 

Alcohols: 






Primary amyl. 

0.78 

0.74 

0.75 

0.76 

0.78 

Primary hexyl. 

2.3 

2.25 

2.25 

2.25 

2.25 

Primary heptyl. 

6.8 

6-5 

6.5 

6.8 

6.6 

Primary octyl. 

21 

20 

i 20 

20 

20 

Para phenols: 






Cresol. 


2.35 

2.45 

2.4 

2.35 

Ethyl phenol. 


6.6 

6.8 

6.6 

6.3 

Propyl phenol. 

19 

18 

18 

18 

18 

Butyl phenol. 

65 

63 

64 

66 

64 

Amyl phenol. 

197 

42 

45 

74 

55 

Hexyl phenol. 

600 

s 

* 

s 

s 


* No coefiBcient obtainable. A saturated solution failed to kill the test 
organism in fifteen minutes. 


The coefficients obtained for the higher resorcinols as shown in 
table 4 are much greater than the coefficients reported previously 
by other investigators. In attempting to ascertain the cause of 
tl^ discrepancy we found that the strain of B. typhosus employed 
throughout our work up to that time, and which will be designated 
hereafter as strain no. 1, was much more sensitive to the higher 
resorcinols than other strains which were available, while the 
resbtance of all the strains to phenol was approximatdy the same. 

These results suggoited two possiblities: first, that strain no. 
1 was really not B. typhosus at all, and second, that the ratios 
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previously noted and reported naight be true only for that particu¬ 
lar strain. Strain no. 1 therefore, was, carefully compared with 
other strains of B. typhosus which were available and all were 
positively identified as B. typhosus, Compaj’atve tests wCTe 
then made with these strains of B. typhosus on the paraphenols 

TABLE 7 


Phenol coeffidenis of the normal reeorcinoU toilh different strains of B, typhosus 


KAMI 

STRAIN 
NO. 1 

STRAIN 
NO. 2 

STRAIN 
NO. 8 

STRAIN 
NO. 4 

STRAIN 
NO. 6 

Propyl.. 

4.8 

4.75 

4.78 

4.76 

4.75 

Butyl. 

15 

14.6 

15.3 

15.6 

14.6 

Amyl. 

47 

40 


53 

48 

Hexyl. 

147 

52 

58 

65 

61 

Heptyl. 


31 

34 

42 

34 

Octyl. 


A 

A 

A 

A 

Nonyl. 

• 






* No coefficient obtainable. 


TABLE 8 

Coefftcienis of the normal resorcinols vnth different strains of Staphylococcus aureus 


NANS 

PHRNOL CORPFICISNTB 

STRAIN NO. 8 

Strain 
no. 1 

strain 
no. 2 

strain 
no. 8 

Molooular 

ooeffioianta 

Ratios 

Ethyl. 

1.65 

1.5 

1.5 

2.2 

2.7 

Propyl. 

3.9 

3.7 

3.7 

6 

3 

Butyl. 


10 

10.2 

18 

8.2 

Amyl. 


30.2 

30.6 

59 

3.4 

Hexyl. 

97 

98 

98 

202 

8.1 

Heptyl. 

295 

280 

280 

620 

2.7 

Octyl. 


680 

725 

1,7X0 

1.5 

Nonyl. 

1,000 

980 

1,000 

2,500 



and the higher primary alcohols discussed in our previous paper. 
The results of these comparative tests are shown in table 6. 

It is evident from table 6 that so far as the alcohols and lower 
phenols are concerned there is practically no difference in tliebr 
action on diff^nt strains of B. typhosus. On the other himd 
there are very great differences with p-n-aznyl i^enol p.®- 
hexyl phenol. 
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A sunilar comparative study was made with the normal resor¬ 
cinols, the results of which are shown in table 7. It will be seen 
that the lower resorcinols, like the lower phenols, yield uniform 
results with different strains of B. typhosus while the higher 
resorcinols resemble the higher phenols in showing great differ¬ 
ences in their action on different strains of B, typhosus. 

Tests were made on the normal resorcinols with three different 
strains of Staph, aureus, the results of which are shown in table 
8. It will be noted that the phenol coefficients of the various 
noimal resorcinols are practically the same with all three strains 
of Staph, aureus. For that reason molecular coefficients and 
ratios are shown for only one strain. The average ratio for the 
series from ethyl to heptyl is 3.1, the ratios for the higher mem¬ 
bers of the series being much lower. The n-amyl and n-hexyl 
phenols were also tested with the same three strains of Staph, 
aureus and the results obtained for each of these compounds were 
very much alike with all three strains. 

DISCUSSION 

Consideration of the results reported previously, together 
with those of the present investigation discloses the interesting 
fact that with B. typhosus as the test organism the average ratio 
of 3.37 for the molecular coefficients of successive members of the 
normal resorcinol series is very close to the ratios 3.36 and 3.3 
for the primary alcohols and para-phenols, respectively, while 
with Staph, aureus as the test organism the para-phenols and 
normal resorcinols have the same average ratio of 3.1. This 
similarity in ratios indicates that the bactericidal power of any 
member of the different series of compounds studied is affected 
essentially to the same degree by the introduction of the methyl 
group. The irregularities in the action of some of the higher 
phenols and resorcinols and the decrease in the ratios which occurs 
with the higher members of each series do not seem to us to 
detract in any essential way from the significance of the ratios 
which we have reported hwe and in our previous paper. 

The work with the lower members of each series having demon¬ 
strated a rdation between chemical constitution and bactericidal 
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action, it became possible to predict the efficiency of compounds 
which had not yet been prepared. This led to the preparation of 
compounds of extremely high bactericidal efficiency, the highest 
of which had a bactericidal efficiency 1,000 times that of phenol, 
wei gh t for wmght. Another point of considerable interest is the 
''selective” action of the higher phenols and resorcinols against 
Staph, aureus, shown in its highest degree by the remarkably high 
co^cients of n-octyl and n-nonyl resorcinols. Althou^ these 
coefficioits are much hi^er than any previously reported for 
MTnilftr compounds, there is no reason to suppose that the uppm* 
limit has been reached. If, as seems quite possible, the higher 
phoiols and resorcinols manifest similar "selective ” action against 
other bacteria, it is only natural to suppose that they may be 
found to be of practical value in medidne. 

It must be rememliered, however, that although phenol coef¬ 
ficients are quite capable of indicating with great accuracy the 
relative germicidal activity of different substances of the same 
class whoi tested under ri^dly controlled laboratory conditions 
the results can not be accepted as an accurate measure of the 
practical value of disinfectants. This can be ascertained only by 
tests carried out under conditions approximating as nearly as 
possible those under which tbe disinfectants are to be used. 

StnOCABT 

In a previous paper the authors have shown that the bacteri¬ 
cidal power of the alcohols and phenols increases so uniformly 
with the molecular wei^t that the rate of increase may be ex¬ 
pressed by definite numerical ratios. The present paper reports 
the results of similar work with othm: alcohols and phenols and 
with various resorcinols and the corresponding intermediate 
ketones. 

The results here reported for alcohols and phenols confirm the 
conclusions stated in the previous paper. The combined results 
of both papers indicate that the getmiddal activity of the isomeric 
alcohols and pheaols varies widely, dependini; on the pontion of 
the various constituent groups. Among isomeric alcohols great¬ 
est effiekncy is dmwn by compounds having the Icmgest strait 
dxains and among isommc phenob maximum effidency b shown 
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by compounds having the longest straight chains in positions 
para to the hydroxyl group. The coefficients of cyclohexanol 
and the methyl cyclohexanols were found to be approximately 
half as great as those of phenol and the correspon^ng cresols. 

The results here reported for the resorcinols and the normal 
ketones indicate that with B. typhosus as the test organism the 
ratios between successive molecular coefficients are 3.37 for the 
noimal resorcinols, 3.1 for the isoresorcinols, and 3.0 for the 
normal ketones. 

With Staph, aureus as the test organism results reported here 
and in our previous paper indicate an average ratio of 3.1 between 
successive molecular coefficients for the para-phenols and results 
reported in the present paper indicate the same ratio of 3.1 for 
the coefficients of the normal resorcinols. 

The higher phenols and higher resorcinols were found to be 
relatively much more efficient against Staph, aureus than against 
B. typhosus. 


REFERENCES 

AmiaTRONQ, E., Allen, John, and Moore, Charles Watson 1925 The fatty 
acid constituents of some natural fats. Jour. Soc. Chem. Ind., 44 , 
031-481. 

Dobme, A. R. L,, Cox, Edward H., and Miller, Ellis 1926 The preparation 
of the acyl and alkyl derivatives of resorcinol. Jour. Amer. Chem. 
Soc., 48 , 168S-1693. 

Johnson, T. B., and Lane, F. W. 1921 Preparation of some alkyl derivatives 
of resorcinol and the relation of their structure to antiseptic proper* 
ties. Jour. Amer. Chem. Soc., 43 , 348-360. 

Lbonard, Vsader 1924 Secretion of bactericidal urine and disinfection of 
the urinary tract following administration of certain alkyl derivatives 
of resorcinol. Jour. Amer. Med. Assoc., 83, 2005-2012. 

Likbmak, a. 1882 Synthese der Homologen Phenols. Ber. der deutsch. Chem. 
Gesellschaft, 16, 150-154. 

Sharps and Dohue, Inc., and Dohme, A. R. L. 1925 Preparation of alkyl and 
aryl resorcinols. Abstracts of Chemical Papers, Bureau of Chemical 
Abstracts, 128, 541 and 809. 

TiLUiT, F. W., AND Schaffer, J. M. 1^6 Relation between the chemical con* 
stitution and germicidal activity of the monohydric alcohols and 
phenols. Jour. Bacterid., 12, 303-309. 

Yotmo, Sidney 1902 Correction of boiling points of liquids from observed to 
normal pressure. Jour. Chem. Soc., 31, 777-783. 

Eynckr, T., and Wadieb, W. 1904 Ueber die Einwirkungen von Brom auf. 
p.*oxydipbenylmethan* Liedgs Annallen der Chemie, 834 , 373. 




THE DIMENSIONS OF DIVIDING MICROORGANISMS 


LINDA B. LANGE 

Dtpartment of Bacteriology^ School of Hygiene and Public Healthy Johns 

Hopkins University 

Received for publication February 9, 1927 

The statement is commonly made that after fission of a micro¬ 
organism the diameter of each of the two daughter cells must be 
one-half that of the single mother cell from which they arise. 
The statement is applied to the width or to the length according 
as longitudinal or transverse division respectively is under 
consideration. 

If organisms presented only a plane surface such a statement 
would be perfectly correct. Inasmuch as they have three 
dimensions the conception needs qualifications. On dividing, 
it is not the observed figure in two dimensions which divides 
but the total volume of the organism. Assuming that division 
is into two equal parts and that the density does not vary, the 
resulting daughter ceils will have one-half the volume of the 
single mother cell. 

Microorganisms may be thought of as spheres or right cylinders 
or rectangular parallelopipeds or approximations to these three 
types of solids. 

The volume of a sphere is equal to the surface area times 
one-third the radius. The surface area is equal to 4irp*. Then 

the volume, V = 4irp*‘J p = 

o 

In this formula the radius is the only variable quantity. The 
volumes of spheres are therefore proportional to the cubes of 
of their radii,—or the cubes of their diameters. 

Whoa organisms are spherical and the dau^ter cells after 
division assume the spherical form, as in the case of the micro¬ 
cocci, the volume of each daughter cell will be one-half that of 

275 



276 


liINDA B. LANOB 


the mother cell that is ^^*1. The respective radius (or di- 

o 

ameter) of the mother cell to that of each daughter cell will be 
as the radius (or diameter) of the mother cell to the cube root of 
one-half the cube of the radius (or diameter) of the mother cell 
respectively. Thus, if the diameter of the mother cell is 4, the 
diameter of the daughter cell will be 

'/t ■'/? 

or over three quarters that of the mother cell. In case of the 
Gram negative diplococci, or the /3 hemolytic streptococci the 
daughter cells are flattened against each other. To the degree 
that they approximate two hemispheres arising from a sphere, 
their diameter, perpendicular to the plane of fission, will be the 
radius of the spherical mother cell, and equal one-half that of the 
mother cell. 

The volume of a right cylinder is equal to the area of the 
circular base times the altitude. Since the area of a circle is 
equal to irp* the volmne of a cylinder is represented by the 
formula F = where F >= the volume and ^ = the altitude. 
Here there are two variables, the radius and the altitude. 

Kod shaped organisms with square ends may be thought of as 
right cylinders. On transverse division at right angles to the 
altitude there result two right cylinders whose bases are the same 
as that of the mother cell, but whose altitude is one-half that of 
the mother cell. If, however, such a cylinder were to divide 
longitudinally the dimensions would not necessarily be in such a 
simple proportion. If the resultant halves of the original 
cylinder persisted in the form of half cylinders with semicircles 
as bases, then the diameter of each of these two daughter cells 
when looked at in the plane of division would present as its 
diameter the radius, or one-half the diameter of the base of the 
mother cell. If, however, the two daughter cells became rounded 
up into two right cylinders and the length or altitude remained 
unchanged the area of each of their circular bases would be one- 
half the area of the circular base of the mother cell. 
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The area of a circle is equal to xp* the radius being the only 
variable. The areas of circles are therefore proportional to the 
squares of their radii. The base of the motW cell would be to 


the base of each daughter cell as p* is to 



The radius (or 


diameter) of the mother cell will be to the radius (or diameter) 
of each daughter cell as the radius (or diameter) of the mother 
cell to the square root of one-half the square of the radius (or 
diameter) of the mother cell. Thus if the diameter of the mother 
cell is equal to 4, the diameter of each daughter cell will equal 


v/t 

or a little less than three quarters the diameter of the mother cell. 

A certain degree of variation from these proportions would be 
present with variations from the type of the right cylinder. 
Rounded ends or pointed or tapering ends (in which the terminal 
portions may be thought of as hemispheres or as right circular 
cones superimposed upon the right cylinder of the main body 
of the cell) introduce complicating factors. Whether such factors 
would be sufficiently large to fall outside of the factor of error 
where measurements as minute as those of bacteria are under 
consideration is doubtful. Assuming that the above formulas 
and proportions hold it is necessary that these be borne in mind 
when discussing the theoretical possibility of longitudinal divi¬ 
sion of cylindrical organisms such as for example the spirochetes. 

The volume of a rectangular parallelepiped is equal to the 
product of its three dimensions. Halving of this voliune by 
parallel bisection in any one of the three planes would halve the 
dimension at right angles to the plane of division. Elongated 
flattened organisms would fall under this type. 

Tapering at the ends or thinning at the edges would introduce 
other factors. Thus an organism of this general type, but having 
thin edges so that its cross section would present not a parallelo¬ 
gram' but an ellipse would presumably show a diameter of the 
daughter cells greater than one-half the diameter of the mother 
cell if it divided longitudinally through the short axis of the 
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diliptical cross section so that each edge along the plane of 
division became thinned out. Such a condition would have to 
be considered in the case of certain protozoa. 

These relations may be objectively illustrated with plastisine 
models. 


SUMMARY AND CONCLUSIONS 

Upon equal binary fission a microorganism divides into two 
daughter cells each having one-half the volume of the mother 
cell. The diameter of those daughter cells is not always one- 
half that of the mother cell. In the case of spherical organisms 
the two resulting spheres will have a diameter equal to the cube 
root of one-half the cube of the diameter of the mother cell, or 
almost seven-eighths that of the mother cell. In the case of 
cylindrical organisms the length of the daughter cells will be one- 
half that of the mother cell after transverse division. After 
longitudinal division however, the diameter of the daugliter 
cylinders will be equal to the square root of one-half the square 
of the diameter of the mother cell, or a little less than three- 
quarters that of the mother cell. Elongated fiat organisms ap¬ 
proximating a rectangular parallelopiped will upon division 
exhibit in the daughter cells a diameter one-half that of the 
mother cell. Deviations from the type may cause the diameter 
of the daughter cells to be greater than one-half that of the mother 
cell. 
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Of the four or five methods that have been employed for ascer¬ 
taining the permeability of living cells to salts, the determination 
of their electrical resistance is usually regarded as the most 
direct. This view is based on the assumptions that the passage 
of ions propelled by a given force into a cell is conditioned by the 
d^ree of permeability of the cell membrane, that an electric 
current is conveyed through an aqueous medium by the bodily 
migration of ions, and that, in accordance with Ohm’s law, E = 
CR, the current flowing between two platinum electrodes con¬ 
nected to a source of constant EMF is inversely proportional to 
the resistance of the medium between those electrodes. Resist¬ 
ance, or rather its reciprocal, conductivity, is thus said to be a 
direct measure of the migration of ions, and consequently, also, 
of the permeability of the cell. 

On the basis of these theoretical views Osterhout (1918; 1919; 
1920) carried out an extensive series of determinations of the 
electrical conductivity of various tissues—algal tissues, and one 
animal tissue, frog skin—when placed in various saline solutions. 
He concluded from his results that when tissues die, their per¬ 
meability to ions is increased, that death and increased per¬ 
meability can be brought about by immersion in solutions of 
monovalent ions, and that this effect can be antagonised by the 
addition of divalent ions. He showed moreover, that his results 
agreed with results obtained by determinations of plasmolysis, 
tissue tension, and diffusion through membranes of living tissues. 

The same method has been applied, and on the same theoretical 
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assumptions, to suspensions of single cells. A number of in¬ 
vestigators have worked with red blood cells, Gray (1916) with 
echinoderm eggs, and Shearer (1919) with suspensions of bac¬ 
teria. Their results are neither as constant nor as conclumve as 
are those of Osterhout with tissues. The earlier workers, among 
them Stewart (1899; 1909) believed that red blood cells have a 
remarkably high electrical resistance. Brooks (1925) however, 
has shown that this view is incorrect. Gray reported an increase 
in the permeability of eggs at fertilisation, and Shearer claimed 
to have demonstrated the usual salt antf^nisms with suspen¬ 
sions of Bacillus coli, and arrived at the concludon that dead 
cells offer no resistance to the passage of ions. 

The reason why people who worked with suspensions obtained 
results that were either contradictory or inexplicable, was because 
they committed the error of adopting unquestioningly and 
in toto the theoretical assumptions that had been shown by 
Osterhout to be generally applicable to tissues, and applying them 
similarly to suspensions. On careful consideration it becomes 
apparent that a suspension of cells is a different, and in a sense a 
more complicated, element of electrical resistance than is a block 
of tissue, and that the interpretation of resistance measurements 
requires a rather special treatment. 

DISCUSSION OF METHOD 

The first fact that merges from a critical consideration of a 
suspension of cells is that one is measuring, in part at least, the 
resistance of the suspending medium as well as that of the sus¬ 
pended cells. It therefore becomes necessary to determine the 
changes that may occur in the rraistance of the solution under 
any given experimental conditions. Further it is necessary to 
establish the ratio between the volume of cells and the volume 
of solution in the siispension, and the relation of that ratio to the 
reastance of the system. And fiimlly it is important to know 
what significance the size and shape of cells may have in deter¬ 
mining the total resistance. 

Even when all these factors «re determined thore still remains 
the question—to what ^tent does the resistance of the cell 
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actually measure the permeability of the cell membrane? If a 
direct current were used, the resistance, and consequently the 
conductivity, of the cell could by hypothesis be considered to be 
a direct measure of permeability, since conductivity would be 
conditioned by the direct migration of ions. But in practice the 
use of a direct current is not feasible because of polarisation 
effects. To obviate these effects an altern^rting current is used. 
The theoretical advantage of an alternating current lies in the 
hypothesis that under the influence of such a current ions do not 
migrate bodily, but vibrate symmetrically, and that the current 
flows by the passage of charges from ion to ion down the line of fall 
of potential. On this assumption there seems to be no necessity 
and no justification for supposing that the passage of a current 
through a cell has any direct relation to the permeability of that 
cell, but depends rather on its dielectric constant. In practice, 
however, a true alternating current is rarely attained. The 
mathematical expressions for the growth and fading of a current 
in an ordinary induction coil show that the current fades much 
more rapidly than it develops. This fact is emphasised in many 
books on physics. Therefore the current that is obtained from a 
coil and interruptor does not follow a sinusoidal curve, as an 
alternating current should, but is, in effect, a series of unidirec¬ 
tional shocks. It is possible to compensate for these factors, 
and apparatus has been devised, and is used in modem ph 3 rsical 
laboratories which does give a tme sinusoidal current, but, as 
far as I know, it has not as yet been applied to biological investi¬ 
gation. It seems not improbable, therefore, that the results 
that have been obtained with resistance measurements of tissues 
and cell suspensions, and which have been interpreted as measur¬ 
ing the permeability of cells to ions, have been due to the fact 
that these measurements have been made with what was virtually 
an intermittent direct current, and that the use of a tme alternat¬ 
ing current might yield r^ults of quite a different nature. 

EXPERIMENTAL 

At the outset it has to be stated that the results herewith 
presented are provisional in character because the modem appara- 
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tus referred to above was not available, and measurements have 
been made with a simple Kohlrausch bridge. 

In these experiments suspensions of BaciUiis cereus were used. 
The organism was grown by means of surface inoculation on 
beef-peptone agar, with an incubation period of twenty-four 
hours at 20 °C. The membranous growth was washed off with 
a balanced Ringer solution of the following compoidtion: 


et. 

l/8MNaCl. 980 

1/8 M CaCl,. 15 

1/SmKC1. 25 


1,000 

The solution was buffered with 4 drops per liter of saturated 
Na* HPO 4 solution, the resulting pH being 7.2. 

The bacterial cells were washed by repeated centrifuging and 
resuspension until the resistance of the suspension attained a 
constant value, and the resistance of the supernatant liquid after 
centrifuging was the same as the resistance of the pure solution. 
Four centrifugings were usually sufficient. Growth from 35 agar 
plates was found to yield 7.5 cc. of centrifuged cells, and this 
volume was suspended in 7.5 cc. of solution, yielding 15cc. of 
suspension. A rigid electrolytic cell (cell constant 0.3072) could 
be immersed in the suspension and withdrawn from it. It was 
thus possible to make measurements actually in the centrifuge 
tube, the bacteria remaining in the same vessel throu^out an 
experiment. Temperature was regulated by means of a simple 
water bath, heated with an electric bulb, and was controlled by 
means of a sensitive thermometer inserted into the bacterial 
suspension. Maximum fluctuations amounted to 0.05°C. 

The changes in resistance that occurred when the suspension 
was killed by heat are shown in figure 1 . The suspension was 
autoclaved at 15 pounds for ten minutes. The continuous lines 
represent the resistance of the suspension, the dotted lines the 
resistance of the suspending medium after centrifuging. It is 
seen that the resistance of the suspension fell considwably after 
heatiirg, but this was accompanied by a corresponding drop in 
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the resistance of the suspending mediuna. On continued resus¬ 
pension in 1/8 M Ringer the resistance of the suspension again rose 
but did not attain the value of the resistance of the living suspen¬ 
sion. This probably was due to the change in volume produced 
by heating. Before heating, the volume of the centrifuged cells^ 
was 7.5 cc., after heating it was 5 cc. These results can^be 
explained if it is assumed that the death of the cells by heat 
resulted in a destruction of the impermeability of the cell mem¬ 
brane, and that there was consequently free diffusion of electro- 



Pig. 1. Effect of Heat upon Resistance of Suspensions of B. cerbus in 
Vabying Concentrations of Ringer Solutions 

Continuous lines indicate resistance of suspension; dotted lines, resistance of 
supernatant. 

lytes in and out of the cell. If the external solution is hypotonic 
to the cell contents, then there would be a diffusion of salts out of 
the cell, and the resistance of the suspension would drop owing to 
an increase in the concentration of salts in the suspending liquid. 
On repeated resuspension the concentration of salts would again 
be lowered, and the resistance raised. If this hypothesis is 
accepted then it becomes evident that in a hypertonic solution 
the process woxdd be reversed, salts would diffuse into the cell, 
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and the resistance of the suspension and of the suspending medium 
would rise. A number of experiments were carried out attempt¬ 
ing to demonstrate this phenomenon, but no rise in resistance was 
observed. In 1/2 m Ringer there was still a slight drop in resist¬ 
ance (fig. 1) in M Ringer no change in resistance was observed, 
and in higher concentrations up to 2 m there was also no change. 

In considering these results it is important also to examine 
the relation of resistance of a pure solution to the concentration 



Fio. 2. Effect of Mebcttbic Chlobidb and Heat upon Resistance of 
Suspensions of B. gsbeus 

Continuous lines indicate resistance of suspension; dotted lines, resistance 
of supernatant. 


of the salts which it contains. It is well known that resistance 
plotted against concentration jdelds an exponential curve, 
that at concentrations greater than about 1/4 m resistance is very 
much less sensitive to changes in concentration t.han it is at 
greater dilutions. It follows therefore that in the experiments 
in which 1/2 m and m Ringer were used, changes in concentration 
may have occurred of the same order of magnitude as in the case 
of dilute solutions,—these changes corresponding however, to 
such small variations in resistance that the apparatus used was 
not sensitive enough to record them. 
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Figure 2 shows the resistance curve of a suspension which was 
killed with mercuric chloride, and then resuspended repeatedly 
in 1/5 M Ringer. The death of the cells in mercuric chloride 
solution was accompanied by a drop in resistance, and, inciden¬ 
tally, the death curve is a typical diffusion curve. When the 
dead cells were resuspended with washing in Ringer it was found 
that the resistance of the dead suspension was identical with the 
resistance of the living suspension, viz., 30.5. The dead suspen¬ 
sion was then heated, and a drop in resistance resulted, but this 
drop was less by 4 ohms than the drop which occurred when a 
living suspension was killed by heat. The heating caused a re¬ 
duction in cell volume from 7.5 to 4 cc., and this reduced volume 
is believed to account for the drop in resistance. 

DISCUSSION 

It is apparent from these results that changes in the resistance 
of the suspension are always accompanied by changes in the 
resistance of the suspending medimn, and that the bacterial 
substance offers a seemingly constant resistance to an electric 
current, a resistance which is quite independent of the permea¬ 
bility or impermeability of any hypothetical enveloping mem¬ 
brane, and which is not affected by the death of the cell. It 
would seem, however, that the living cell does possess a mechan¬ 
ism for opposing changes in the osmotic pressure of the surround¬ 
ing medium, and that this mechanism is broken down at death, 
thus permitting the free diffusion of salts under a concentration 
gradient. This phenomenon was observed both in suspensions 
killed by heat, and in those killed with mercuric chloride. Heat¬ 
ing, however, causes in addition a reduction in cell volume, due 
possibly to the coagulation and dehydration of proteins, and 
this shrinkage serves to decrease still further the resistance of the 
suspension. 

In conclusion it is desired to emphasize the distinction between 
the migration of ions under the influence of a potential gradient, 
and their migration under the influence of an osmotic gradient. 
The one is conductivity, the other diffusion. Diffusion, we 
know, is conditioned by the permeability of the cell, we do not 
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know what actually detennines conductivity. There are no 
indications in%ny available experimental data that the resistance, 
and therefore the conductivity, of bacterial cells is affected or 
modified by external conditions or experimental manipulation. 
But there is ample evidence to support the conclusion that the 
bacterial cell is comparatively sensitive to osmotic changes in its 
environment, and the careful and accurate measurement of the 
electrical resistance of the suspension and the suspending medium 
offers a valuable method for inv^tigating these phenomena. 
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While using the Kahn Precipitation Test and especially the 
quantitative procedure, the possibility suggested itself of applying 
similar principles of concentration to the demonstration of agglu¬ 
tinins. If an immediate agglutination reaction could be obtained 
by an accurate, quantitative method, the advantages would at 
once be apparent. Working along these lines, a rapid method 
for the macroscopic agglutination test has been developed. 

The method involves concentration of the antigen, the use of 
small amounts of both antigen and serum, together with thorough 
mixing. Results read within five minutes after adding serum to 
suspension correspond to those obtained by a standard method 
requiring from eighteen to twenty-four hours. 

EXPERIMENTAL 

The first experiments were made with 0.15 cc. of varying dilu¬ 
tions of an antityphoid serum (1:20 to 1:1000) and 0.05 cc. of a 
very heavy killed suspension of B. typhosus. These were mixed in 
small test tubes (75 by 13 mm.), shaken vigorously for two min¬ 
utes, 0.5 cc. saline added and read'—thus following the quantities 
and mechanics of the Kahn Precipitation Test. 

There was complete agglutination throughout, with no clump¬ 
ing in the control (0.15 cc. saline plus 0.05 cc. suspension). This 
experiment was repeated with B. typhosus and B. paratyphosus 

^ Presented at the twenty-seventh annual meeting of the Society of American 
Bacteriologists, Madison, Wisconsin, December 29 to 31, 1925. 
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A and B for both homologous and cross agglutination, this time 
using 0.1 cc. of suspension and 0.1 cc. diluted serum. Agglutina¬ 
tion was prompt and specific. The test was then applied to the 
pneumococcus with even more marked results. Agglutination by 
the rapid method with this organism is striking. The clumps are 
few and large and, with vigorous shaking, stick to the sides of 
the tubes leaving the liquid perfectly clear. 

There was now apparent a definite need for a quantitative 
comparison of the rapid method with a standard macroscopic 
agglutination test. A test which has been in use in this labora¬ 
tory for many years consists of 0.5 cc. of suspension plus 0.5 cc. 
of diluted serum in small pointed tubes, incubated eighteen to 
twenty-four hours at 37°C. The following system was therefore 
adopted: 

For the standard method. One-half cubic centimeter suspension + 
0.5 cc. diluted serum, in agglutination tubes (90 by 8 mm., tapered at 
the end). Mix well, incubate at 37°C. for eighteen to twenty-four 
hours. 

For the rapid method. One-tenth cubic centimeter suspension 
(containing five times as many organisms per cubic centimeter) + 
0.1 cc. diluted serum (five tiipes more concentrated than for the stand¬ 
ard method) in small test-tubes (75 by 13 mm.). Shake two minutes 
and add 0.8 cc. saline to make the total volume 1 cc. 

Thus we have the same amount of serum and the same number 
of organisms in each test, for example: 

In the standard method: 0.5 cc. of serum diluted 1:50 contains 

0.01 cc. of undiluted serum. 

In the rapid method: 0.1 cc. of serum diluted 1:10 contains 

0.01 cc. of undiluted serum. 

Because the majority of us are in the habit of thinking of 
a^lutinin titers in terms of dilutions, we will call this a dilution 
of 1:100, meaning that there is actually present 0.01 cc. of un¬ 
diluted senam, regardless of the total volume. 



METHOD FOE MACROSCOPIC AGGLUTINATION TEST 289 


Also, in the standard method: 0.5 cc. of suspension containing 

2 X organisms per cubic centi¬ 
meter = X organisms 

In the rapid method: 0.1 cc. of suspension containing 

10 X organisms per cubic centi¬ 
meter = X organisms 

The suspension containing 2x organisms must be of such 
density as will give maximum agglutination by the standard 
method with a given organism. 


TABLE J 

Table of dilutions for comparative tests 



AMOUNT OF SEBUM 

in: 

EQUIVALENT 

AS EXPRESSED IN 
DILUTIONS in: 

0.1 CC. 

0 6 cc 

0-1 cc 

0.5 00. 


CC. 

1 

cc. 



A 1:2 1.0 cc, undiluted serum 4-1.0 cc. 





saline. 

0.05 


1:20 


B 1:4 0.2 cc. A 4- 0.2 cc. saline.... . 

0.025 


1:40 


C 1:8 0.1 cc. A 4- 0.3 cc. saline. 

0.0125 


1:80 


D 1:10 1.0 cc, A 4- 4.0 cc. saline. 

0 01 

0.05 

1:100 

1:20 

E 1:20 0.2 cc. A 4- 1.8 cc. saline. 

0 005 

0 025 

1:200 

1:40 

F 1:40 1.0 cc. D 4- 3.0 cc. saline. 

0.0025 

0.0125 

1:400 

1:80 

G 1:50 1.0 cc. D 4- 4.0 cc. saline. 

0 002 

0.01 

1:500 

1:100 

H 1:100 1.0 cc, G 4- 1 0 cc. saline. 

0.001 

0.005 

1:1000 

1:200 

1 1:200 1 0 cc. G 4- 3 0 cc. saline. 


0 0025 


1:400 

J 1:250 1.0 cc. G 4- 4 0 cc. saline . 


0 002 


1:500 

K 1:500 1.0 cc. J +1.0 cc. saline. 


0.001 


1:1000 


It was also thought advisable to use the same series of dilutions 
for both tests. The serum dilutions were made in a separate 
set of test-tubes, using 1-cc. pipettes and a different pipette for 
each dilution. Table 1 gives an example of such a series. 

Typical results with the pneumococcus by the two methods, 
as outlined above, are given in table 2. The same agglutination 
titer is obtained in two minutes by the rapid method as by the 
standard method. 

It is well known that, with a potent serum and a highly agglu- 
tinable suspension, almost immediate clumping will occur in the 
















TABLE 2 

Agfiutination residts by rapid and standard methods with the pneumococcus 
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R = rapid method; S *= standard method; H-H—|—f- = complete agglutination with all organisms clumped and fluid clear; 
*4—f 4“ — marked agglutination with nearly complete clumping but fluid not quite clear; -|--f -partial agglutination; -f » 
slight agglutination; — no clumping and no clearing. 
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lower dilutions by any method. The question now arose, whether 
the limit of agglutination could be obtained by using the 0.5 cc. 
quantities of the regular method in larger tubes with two minutes’ 
shaking. To determine this the following experiments were 
made. 

Antipneumococcic sera, Types II and III, were tested against 
homologous suspensions, (1) by the eighteen-hour method in 
agglutination tubes, each tube shaken separately, (2) same quan¬ 
tities in small test-tubes, shaken two minutes, and (3) rapid 
method, serum and antigen concentrated. 

There was some agglutination by the regular method after 
thorough mixing in agglutination tubes and considerable after two 
minutes’ shaking in test-tubes, but the limit of agglutination is 
not reached as it is when the reagents are concentrated as for 
the rapid method. 

In order to determine the effect of concentration of one of the 
reagents as compared with concentration of both, these experi¬ 
ments were conducted. Test I: To 0.1 cc. of varying dilutions of 
serum was added 1 cc. of suspension (diluted with saline to con¬ 
tain the equivalent of 0.1 cc. of heavy suspension). Test II: 
To 1 cc. of varying dilutions of serum (10 times as dilute as 
in Test I) was added 0.1 cc. heavy suspension. Test III: To 
0.1 cc. of varying dilutions of serum was added 0.1 cc. heavy 
suspension. 

Thus the same quantities of serum and the same number of 
organisms were contained in each of the three series. All were 
shaken two minutes and 0.9 cc. saline added to Test III to make 
it equal in volume to the others. 

Tables 3 and 4 give typical results of such tests with the pneu¬ 
mococcus and B. typhosus. There is some agglutination by each 
method, but again the titer is not reached and the agglutination 
is by no means as pronounced as when both serum and antigen 
are concentrated. 

Finally, and most important, the method of shaking has con¬ 
siderable effect on agglutination, not only on the titer but also 
on the quality of the clumping. This is particularly noticeable 
with members of the typhoid group. Rapid, vigorous shaking, 



TABLE 3 

Effect of concentration on agglutirhation with pneumococctis Type III 
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such as is used in the Kahn test, produces fine, hard clumps in 
place of the large loose flakes to which we are accustomed, and 
the titer is not as high as by the standard method. However, 
by using a slow but thorough mixing, characteristic clumping is 
produced and the results check with a standard method. The 
rack is inclined to an angle of nearly 90° and shaken slowly so that 
the mixture of serum and antigen flows up the tube for about 1 inch. 
Upon this method of shaking depends the accuracy of the results 
and the ease of reading. 

Clumps once formed may be so broken up by hard shaking 
as to make the reading of complete agglutination considerably 
lower. Table 5 illustrates this point and the effect of slow and 
rapid shaking. 


TABLE 5 

Effect of nhaking on agglutination of B. typhosus 



1:100 

i 200 

1:400 


1:1000 

1:2000 

1.2500 

1:5000 

1:10000 

Control 

1. Rapid shaking for two 
niinutee 

++++ 


++++ 

++4-4- 

+++ 

+ 

+ 

+ 



2. Slow shaking for two 
minutes .. . 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

+++1 

_ 

. 

3. Test 2 reshaken rapidly 
for two minutes after ad¬ 
dition of saline 

4"i-+4- 

4-+4*+ 

+4-4-+ 

++++ 

+++ 

++ 

+ 

+ 

— 

— 


From many experiments with this technic we are convinced 
that the same agglutination results can be obtained by the rapid 
method within five minutes after mixing senun and antigen as 
by a standard method after eighteen to twenty-four hours. 

APPLICATION OP KAPID METHOD 

All of the details of the method have by no means been worked 
out and each organism presents a problem of its own, just as has 
always been the case in serological tests, so that this is in the 
nature of a preliminary report only. But a few of the applications 
of the methods may be briefly mentioned. 

Experimentally, it may be used wherever agglutination tests 
are applied. The rapid method lends itself particularly well to 
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research because of the acciuracy which can be attained and be* 
cause of the niunber of racperiments which can be completed in 
a short time, thus facilitating repetition and variation. Clini¬ 
cally, the test may be used whenever agglutination is employed 
for the diagnosis of bacterial infection. 

We have used it to determine the serum agglutinin titre of 
animals under treatment, as an aid in the identification and typing 
of strains, for the rapid checking of cultures, for absorption of 
agglutinins, and for the diagnosis of infectious diseases. 

7. Determination of serum agglutinin titer of animals under 

treatment 

Animals on treatment for the stimulation of agglutinins may be 
sample-bled, their senun tested, and results obtained immedi¬ 
ately, thus allowing treatment to be continued without delay or 
bleeding to be made at the exact point desired. 

In this connection comparative tests by the rapid and standard 
methods have been made with a number of organisms against 
serum from animals during immunization. Throughout all these 
experiments killed standardized suspensions only have been 
used. All glassware was clean and sterile and a separate pipette 
was used for each serum (filution. 

B. typhosus and B. paratyphosus A and B. Comparative tests 
by both methods made on samples of senun, for cross and homol¬ 
ogous agglutination, from animals injected with typhoid vaccine 
and typhoid-paratyphoid vaccine at first showed slightly lower 
titer by the rapid than by the 18-hour method and the clumps 
were finer, but with slow shaking, typical typhoid agglutination 
is obtained and the titers check very closely. 

The suspensions are made from sixteen to eighteen-hour agar 
growths emulsified in physiological salt solution plus 0.5 per cent 
formalin. The density of B. typhosus is 1000 milMon orgtmisms 
per cubic centimeter for the regular method, and 6000 million 
for the rapid. 

Bad. dysenteriae, Shiga, Hiss-Y, 6 types of Flexner. The sus¬ 
pensions are the same as for B. typhosus, and there is close agree- 
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ment in the end results, but the reactions by the rapid method 
are much more easily read. There is never any doubt as to the 
limit. 

Bt. anthrads. Bt. anthrads is grown on plain agar at 42.5°C. 
for several generations to eliminate spores. A sixteen-hour 
growth is then emulsified in saline with 0.5 per cent formalin to 
a density corresponding to that of B. typhosus containing 2000 
million per cubic centimeter for the regular method and five 
times as heavy for the rapid. 

Agglutination with the rapid method is a little lower, but 
probably gives a truer titer, as the end results after incubation 
are difficult to read, due to the tendency of Bt. anthrads to settle 
out. Incidentally, a suspension prepared in 1918 gave excellent 
results by both methods. 

Pneumococcus. Comparative tests with pneumococcus. Types 
I, II, and III almost invariably give higher results by the rapid 
than by the eighteen-hour method. This may be due to the 
concentration of serum as a result of low titer. As stated above, 
the clumping of pneumococcus is most pronounced. Thirty 
seconds’ shaking is sufficient to obtain complete agglutination and 
no additional saline is needed to facilitate reading. 

The sediment from a yoiuig broth culture emulsified in normal 
saline plus 0.5 per cent formalin is used. 

Meningococcus. Comparative tests on serum from animals 
being treated with polyvalent antigens of meningococcus and 
from those on the four types against monovalent type suspen¬ 
sions show very close agreement. The tests by the rapid method 
sometimes require three minutes’ shaking, and those by the regu¬ 
lar method are incubated twenty-four hours. 

Tests on normal sera have never given higher results by the 
rapid than by the standard method. 

In table 6 are given typical comparative results obtained by 
the rapid and standard method on serum from animals being im¬ 
munized to the above mentioned organisms. 

We have found this a very satisfactory and reliable method for 
quickly detennining the serum agglutinin titer of animals under 



TABLE 6 

Comparative restdts with the rapid method and a standard method 
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Mic. meningitidis j R 1:500 1:1000 
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treatment. The experiments with anthrax suggest the possi> 
bility of applying the method to others of the larger organisms, 
suspensions of which tend to settle out rapidly. 

IL Identification and typing of strains 

As an aid in the identification and typing of cultures the method 
is convenient and rapid. Either live or killed organisms may be 
used, provided only that the emulsions are heavy. Thirty sus¬ 
pensions of freshly isolated strains of B. typhosus and two of B. 
paraiyphosus A have been run against antit 3 T)hoid and antipara¬ 
typhoid sera by both methods with almost identical results. We 
have used it also for typing pneumococci and meningococci and 
for identifying B. dysenteriae and B. diphtheriae. 

The method is of value in the rapid checking of cultures al¬ 
ready identified. It is more accurate and less dangerous for 
handling live organisms than a slide method. An agglutination 
test not only gives one a very good idea as to the identity, type, 
and purity of a strain, but also indicates the condition of agglu- 
tinability of that strain. 

in. Absorption of agglutinins 

Comparatively little work has been done on agglutinin-ab¬ 
sorption, but very promising results have been obtained from 
the few experiments made. Foimalized suspensions only have 
been used. These were centrifuged and a 50 per cent suspen¬ 
sion of packed cells made. To 0.3 cc. of a suspension of B. 
typhosus was added 0.3 cc. of a 1:2.6 dilution of antityphoid 
serum in a centrifuge tube. This mixture was shaken slowly for 
five minutes and centrifugalized for five minutes. The dilution 
of the absorbed serum was considered 1:6. The imabsorbed 
serum was diluted 1:6 and the following dilutions of each made: 


0,1 cc, 

A 1:6... 1:50 

B 1:10 --0.2 cc. A -f 0.2 cc. saline. 1:100 

C 1:50 —0.1 cc. B + 0.4 cc. saline. 1:600 

D 1:80—0.1 cc. B+0.7 cc. saline. 1:800 

E 1:100—0.2 cc. C + 0.2 cc. saline. 1:1000 

F 1:400—0.1 cc. C +0.7 cc. saline. 1:4000 

G 1:600—0.1 cc. E +0.4 cc. saline. 1:5000 
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To 0.1 cc. of the above dilutions of each serum 0.1 cc. of 
suspension was added, and both series shaken for two minutes. 
The serum before absorption showed complete agglutination at 
1:6000, and after, incomplete at 1:50. Serum diluted 1:5 for 
absorption gives about the same results. 

Applying the test to the pneumococcus, 0.2 cc. of imdiluted 
serum plus 0.2 cc. of a 50 per cent suspension of packed cells 
was shaken for five minutes and centrifugalized for five minutes. 
Serum which before absorption gave complete agglutination at 
1:80 with marked clumping at 1:200, after absorption showed no 
agglutination at 1:20. 

With serum of as low a titer as the antipneumococcic serum, 
the amounts may be measured with a 0.1-cc. pipette, thus elim- 

TABLE 7 


Absorption of agglutinins 



1:50 

1:100 

1.600 





Con¬ 

trol 

B, tifpkoaui: 

Unabaorbed serum .. . 
Absorbed serum. 

+4-4'4- 

4* 

4-4-++ 

++++ 

++++ 

++++ 

++++ 

++++ 

- 


1:20 

1:40 

1'80 

1:200 

1:400 




Pneumococcua Type II: 

Unabeorbed serum. 

Absorbed serum. 

4-4-+-f 

++++ 

++++ 

+++ 

+ 



- 


mating the process of making dilutions and considerably shorten¬ 
ing the time. For example, 0.1, 0.05, 0.025, 0.01, and 0.005 cc. 
of unabsorbed serum diluted 1:2 and the same amounts of the 
absorbed serum, which is already 1:2, give final results of 1:20, 
1:40,1:80,1:200, and 1:400. 

Neither the minimiim absorbing dose nor the most efficient 
dilution of serum has been determined, but we are convinced 
that absorption of agglutinins may be accomplished by thorough 
mixing of small concentrated amounts of serum and antigen 
within five minutes, and the time of the whole process shortened 
from twfflity-four to forty-ei^t hours to less than two hours. 
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IF. Application to diagnosis 

Clinically, the rapid method has been used for the diagnoas 
of the typhoid and paratjrphoid fevers and the dysenteries, and 
for the typing of pneumococci and meningococci. The typing of 
pneumococci will serve to illustrate the application of the test to 
clinical diagnosis. 

Four amovmts of each tjTpe serum—0.1,0.05,0.026, and 0.01 cc. 
—are measured into three sets of four tubes each. The amotmts 
are pipetted with a 0.1 or 0.2-cc. pipette to the bottom of the 
tubes. To each tube is added 0.1 cc. of a heavy suspension of the 
organism, which may be peritoneal washings from mouse, pure 
culture, or heavily infected spinal or pleural fluid. A control 
containing 0.1 cc. suspension and 0.1 cc. saline is included. All 
are shaken slowly for two minutes, 0.5 cc. saline added to each 
tube, and the results read. 

The rapid method has never failed either with patients’ serum 
or identifying strains where the standard method was successful 
and, on accoimt of the rapidity of the reaction, freshly isolated 
cultures which show some spontaneous clmnping may be used. 

STJMMAEY 

A rapid method for macroscopic agglutination is described in 
which the reactions are sharp and well defined and check with 
those given by a standard eighteen-hour method. 

Either killed standardized suspensions or live cultures may be 
used and, on account of the rapidity of the reaction, suspensions 
of organisms which tend to settle out on standing give good results. 

In animal immunization work the serum titer can be deter¬ 
mined at the exact point desired. 

The rapidity of the reaction is of practical value in making 
possible the repetition of tests and variation of conditions for both 
diagnostic and research purposes. 
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I 

In our studies upon the tuberculin reaction we have attempted 
to proceed from the premise that the phenomenon of bacterial 
allergy is probably a universal accompaniment of infection, and 
plays a perhaps important role in the symptomatology and tissue 
injury associated with bacterial toxemias. Such a conception 
was indicated not only by the fact that occurrences analogous 
to the tuberculin effects were apparent in the abortin, Mallein 
and typhoidin reactions, but was also suggested by previous 
studies by others and by om-selves with t 3 T)hoid bacilli, strep¬ 
tococci, staphylococci and other organisms. In an investigation 
of streptococcus allergy which the present writers published a 
little over a year ago (1925), and in similar studies carried out 
by Dochez and Sherman (1925), it was made quite clear that the 
sensitization of guinea pigs can be accomplished by the injection 
of streptococci, and that subsequent skin sensitiveness can be 
elicited with all the streptococcus materials but especially with the 
Dick filtrate which, in manner of production and in the important 
attribute of heat stability, corresponds to some extent with 
tuberculin. We suggested at this time the possibility that such 
streptococcus allergy might have some relationship to certain 
forms of arthritis in which the association of sterile joint con¬ 
ditions with streptococcus infection has been a clinically rec¬ 
ognized fact for so long. 

The difficulty in experimentation upon the problem of bac- 
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terial allergy with bacteria other than the bacillus of tuberculosis 
and the abortus bacillus has been the apparent necessity of 
producing prolonged infections and tissue reactions in the 
animals, since, as it is well known, tuberculin reactions do not 
appear with any constancy or severity unless there is a tissue 
reaction in the form of a tubercle, whether this is produced by 
living bacilli or, as shown by Petroff with one of the writers, 
Zinsser and Petroff (1924) by the dead organisms. Owing to 
this, it has been generally assumed that true allergy represented 
an '^infection’' rather than an ^^injection^^ reaction, for reasons 
never entirely clear. And, indeed, it is true that however one 
sensitizes, either with living or dead bacteria, which are subject 
to relatively rapid removal by phagocytes, or with chemically 
extracted bacterial materials, the t 3 Tpe of allergic reaction one 
obtains, though definite, is not characterized by the violence, 
central necrosis and frequent hemorrhage which is so often the 
case with the true tuberculin reaction in guinea pigs. 

The experiments which are cited in this paper seem to us to 
explain to some extent why this has been the case. They appear 
to indicate, moreover, that when one injects living bacteria, 
dead bacteria or bacterial extracts, the antigen is in a form which 
does not arouse the specific response necessary for the develop¬ 
ment of complete allergy, and probably because of the speed of 
removal, the changes necessary for the production of this antigen 
cannot take place. Our basis for this statement will become 
apparent below. 

The experiments recorded in this paper are based upon an 
observation made in the course of our previous studies on the 
tuberculin reaction in which, suspecting the probable importance 
of the action of tissue cells upon the bacterial materials in the 
tubercle, we investigated the action upon the skin of guinea pigs 
of various intradermally injected bacterial autolysates. In the 
case of the pneumococcus, which autolyzes with great ease, we 
observed occasional severe skin effects upon normal guinea pigs 
which in extent, severity, hemorrhage and occasional necrosis 
were quite equal to and often more severe than the most extreme 
tuberculin reactions. The toxic factor in such material is a heat 
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stable substance* which we believe to be identical with that with 
which Julianelle and Eeimann (1926) obtained purpuric reactions 
in mice. 

We at first regarded these reactions as due to the primary 
toxicity of the pneumococcus substances, and were at a loss to 
explain the irregularity with which the material produced re¬ 
actions in different animals. 

In the course of several months’ experimentation it became 
apparent that when reactions did occur they were observed only 
in well-grown guinea pigs weighing 400 grams or more, whereas 
young pigs were almost invariably negative on first test. 

The following table will illustrate these relations: 



NUMBER OF 

PI OB POSITIVE 
ON FIRST TEST 

PEKCKNT.\aE 
OF PI08 
POSITIVE ON 
FIRST TEST 

NUMBER OP 
PIGS negative 
ON FIRST TEST 

PERCENTAGE 
OF PIGS 
NEG.VTIVB ON 
FIRST TEST 

Old guinea pigs. 

18 

2 >€r cent 

54 

15 

jvr cent 

45 

Young guinea pigs 

0 

0 

48 

100 

Total. 

18 

22 

63 

77 


Two alternative explanations for this observation are possible. 
Either the autolysate has a primary >;toxicity which is neutralized 
or destroyed in some manner in the younger guinea pigs — 
perhaps destroyed by a more potent enzyme activity—or else 
the reaction is not one of primary toxicity but depends upon 
some form of sensitization which has spontaneously occurred 
in a percentage of the older animals. 

The former explanation, which seemed to us at that time the 
more likely, was investigated in the following manner: 

Young guinea pigs likely to be negative and old guinea pigs that we knew to be 
strongly positive were bled and, since it would have obviously vitiated the ex¬ 
periment to test them just before bleeding, skin tests were done upon them im¬ 
mediately after bleeding, so that their negative or positive nature at the time of 
bleeding would be apparent on the following day. The serum was obtained and 


^ The active substance is not destroyed by boiling at pH 7, and is weakened 
but not wholly inactivated by autoclaving at 10 pounds pressure for fifteen 
minutes. 
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mixtures then made, two parts of autolysate being added to one part of serum. 
The mixtures were set into the incubator for from one to three hours and skin 
reactions carried out upon a series of known positive guinea pigs. Controls 
were done on these pigs with autolysate similarly diluted with salt solution and 
kept in the incubator for the same time. 

We did a great many experiments according to this scheme, 
varying somewhat the relative quantities, and have since made 
further tests of a like nature for the purpose of determining 
degrees of neutralization. In all of them we have obtained 
consistent results to the effect that the serum of negative animals 
has absolutely no neutralizing effect upon the toxicity of the 
autolysate for sensitive animals. It was perfectly obvious, 
therefore, that the negative results obtained in young guinea 
pigs were not due either to a neutralization or to a proteolytic 
destruction of the autolysate by the serum constituents of the 
animals. 

The remaining alternative, namely, the possibility that the 
reactions observed in the guinea pigs represented a form of 
sensitization or allergy, was investigated by observing some thirty 
animals of various ages repeatedly injected in the course of several 
months and by analyzing fluctuations of reaction. As a result 
of this study it became jquite apparent that the severe skin re¬ 
actions we had obtained with the pneumococcus autolysates 
were manifestations of hypersensitiveness which could be elicited 
at will by a variety of methods. 

The following tables illustrate the relations: 


Slow sensitization by intradermal injections 


WUM- 

BSBOF 

PIG 

OCTO¬ 
BER 18 

OCTOBBB 10 

OCTOBER 20 

OCTOBER 21 

OCTOBER 22 

OCTOBER 

23 

NOVEM¬ 
BER 12 

1 

0 2 

cc. 

Practical¬ 
ly nega¬ 
tive, 0.2 
cc. 

Practical¬ 
ly nega¬ 
tive, 0.2 
cc. 

Slight red¬ 
ness, 

0.2 cc. 

Moderate, 
0.2 cc. 

Moder¬ 

ate 

1 

1 

Strong 

2 

0.2 

cc. 

Practical¬ 
ly nega¬ 
tive, 0.2 
cc. 

Practical¬ 
ly nega¬ 
tive, 0.2 
cc. 1 

Slight red¬ 
ness, 

0.2 cc. 

i 

Practical¬ 
ly nega¬ 
tive, 0.2 
cc. 

Moder¬ 

ate 

1 

Severe 
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Slow sensitizaiion by irUraperiloneal injections of autolysate 


NUM- 

BBBOr 

PIQ 

OCTOBBR 

18 

OCTOBBB 19 

OCTOBBB 20 

OCTOBER 21 

OCTOBBB 22 

NOVBMBBB 

12 

3 

0.2 cc. 

0.2 cc., neg¬ 
ative 

0.2 cc., neg¬ 
ative 

0.2 cc., neg¬ 
ative 

0.2 cc., neg¬ 
ative 

Severe 

4 

0.2 cc. 

0.2 cc., neg¬ 
ative 

0.2 cc., neg¬ 
ative 

0.2 cc., neg¬ 
ative 

0.2 cc., neg¬ 
ative 

Strong 


The above extract from our records is typical of the slow sen¬ 
sitization which is occasionally obtained when animals receive 
repeated negative intradermal tests on successive days. In 
many cases moderate reactions may begin after the 5th and 6th 
injections and develop into powerful reactions three or more weeks 
after the last injection. 


Sentiilizaiion after one intradermal injection of 0,2 cc. 


NUMBER 
or PIQ 

BEPTEMBRR 8 

BBPTEMBBR 10 

BBFTBMBER 24 

BBPTBMBBR 20 

OCTOBER 26 

5 

Negative 

Extreme 


Severe 

Very severe 

6 

Negative 


Strong 



7 

Negative 


Strong 




The above protocol tehows the speed and severity with which 
sensitization may develop in normally negative animals after a 
single intradermal injection of 0.1 to 0.2 cc. of the autolysate. 


Rapid sensitization intradermal. Dcsensitization after one large dose 
intraperitoneal 


PIO 

OCTO¬ 
BER 28 

OCTOBBR 

20 

OCTOBBR 

30 

OCTOBBB 

31 

NOVEM¬ 
BER 1 

NOVEM¬ 
BER 2 

NOVEM¬ 
BER 3 

NOVEM¬ 
BER 4 

NOVEM¬ 
BER 5 

8 

0.1 

Practi- 

Very 

Much 

Mild, 

Modcr- 

Moder- 

0.1 CC. 

Nega- 


cc. 

cally 

slight, 

greater. 

0.1 

ate 

ately 

I.D. 

tive 



nega- 

0.1 cc. 


cc. 

0.1 

strong 

1.0 CC. 




tive, 




cc. 


I.P. 




0.1 cc. 








9 

0.1 

Practi¬ 

Practi¬ 

Practi- 

Mild, 

Severe, 

Severe 


Practi¬ 


cc. 

cally 

cally 

cally 


0.1 


I.D, 

cally 



nega¬ 

nega¬ 

nega- 

CC. 

cc. 



nega¬ 



tive. 

tive. 

tive, 




I.P. 

tive 



0.1 cc. 

0.1 cc. 
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The foregoing table represents two animals of a not incon¬ 
siderable series which indicated the speed with which sensitiza¬ 
tion may occur after daily intradermal administrations of the 
autolysate, a speed quite out of keeping with the ordinary laws 
of anaphylaxis; and this seems to us of considerable importance 
in connection with our view that allergic sensitization may occur 
in the course of an infectious disease. 

This table also illustrates the sudden desensitization which 
may occur when considerable amoimts of the autolysate are 
injected into sensitive animals intraperitoneally. It is a pecu¬ 
liarity which we have not yet been able to explain that, in spite 
of the extraordinary severity of the reactions upon the skin, a 
sensitive animal may be given five or even ten times the skin dose 
intraperitoneally without injury, a matter which, in view of later 
experiments, may be partially explained by a slight neutralization 
of the antigen by the peritoneal exudate, by possible dilution 
and perhaps by the distribution of the antigen by peristaltic 
action over a large serous surface. 

A sensitive animal injected with 1 cc. of the autolysate was 
autopsied by us several hours after the injection without finding 
more than a moderate injection of the peritonexun and the 
serous coverings of the ^t. 

The following table still further illustrates the degree to which 
our reactions correspond with phenomena of hypersensitiveness 
in general: 


Slowly developing sensitiveness followed by desensitizcUion and return to 
sensitive condition 


VIQ 

JUNE 18-30 

JULY? 

JtTLT 8 

jvltO 

JULY 14 

JULY 15 

BEPTBM- 
BBB 0 

10 

6 nega¬ 
tive 
tests 

Moderate 

Strong 

Negative 

Negative 

Negative 

Very 

strong 
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s KPT KM 

MbPTKMhbll 

Ot'TOHKR 

()CTf)llKK 

Of TO BKll 

OCTOBER 

OCTf)- 

OCTM- 

NO\ EM¬ 

11KH 10 

211 28 

n 

12 

J8 

19 

REU 20 

HBR 21 

BER 22 


() daily 111 - 

0 2 cc , 

Strong 

0 2 cc., 

Strong 

0 2cc , 

Neg- 

Seven* 

Ht 1V(‘ 

joclions 

intrii- 

reac¬ 

intra¬ 

icac- 

iritra- 

ativ(' 

reac¬ 


0 2 cc 

d(M- 

tion 

der- 

tion, 

der- 


tion 


1 1) 

nial 


trial 

2 0 cc 

inally 




with 




intra- 





SeVfM'C 




peri- 





bill, 




1 lon- 





jjjradual- 




eally 





lyde- 









civasinii; 









n*ac- : 

1 

1 







lions i 

; 1 








'I'lipsc two guinea ])igs, chosen from our recoids, illustrate the 
occasional desensitization whicli occurs in guinea pigs that have 
se\'eral times strongly reacted in rajiid succession when a further 
reaction is done upon them on the day following the last strong 
reaction. It also illustrates that such animals, given a rest of 
three weeks to a month, again become strongly reactive. 

'I'lic exami)les of our experiments cited in the above series show 
tha* reactions in guinea pigs to the pneumococcus autolysate are 
examples of true allergic sensitization, and that they follow 
closely the laws of sensitization in regard to relation to previous 
injections, desensitization, and the return of desensitized animals 
to the hypersusce])lible state. They differ from the usual ob¬ 
servations made with hypersensitiveness in the fact that sensi- 
ti\ eness may be developed with unusual rajndity. 

H 

It appears, then, that W'e have observed a violent allergic skin 
reaiition in animals sensitized to a pneumococcus autolysate which 
differs from the most extreme tubenmlin reactions largely in 
being more severe, since it is surrounded by a much more ex¬ 
tensive aiea of oedema, and may show' central ulcerations that 
do not heal for several weeks. It is inizzling, however, that 
neither we nor others have obtained reactions of this type in the 
many previous experiments in which whole bacteria have been 
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used throughout. It is true that sensitization to pneumococci 
has followed injections of whole bacteria and bacterial nucleo- 
jiroteins, and that similar results ha^'c been obtained with 
streptococci, typhoid bacilli and staphylococci; but never have the 
reactions shown anything like the extreme severity, hemorrhage 
and necrosis that we have obtained w ith autolysates. 


Fio. 1. CiiiiNEA PKJ Tested u.v September 10, witji Neoa'um; Reaction 

A. Ileaction from iiitradcrmal injection of 0.2 cc. autol^^sate, September 22. 

Ji. Reaction from intradermal injection of 0.2 cc. autolysate, September 23. 

It would appear that in the course of what we speak of loosely 
as “autolysis” there may be liberated an antigen more truly 
representing the substances liberated in the body in the course of 
infection than do any in vilro products, and that in attempts to 
extract bacteria with alkali, antiformin, etc., a certain amount of 
change or denaturization takes plaice by which the antigen is 
destroyed or modified. 
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In approaching this question it may be well to say a few words 
about the production of the autolysates as we have used them. 

Pneumococci were grown on pie plates of blood agar, the cultures washed of! 
with salt solution, once washed in the centrifuge and the sediment emulsified 
in salt solution at reactions ranging from 6.8 to 7.2. Thymol, toluin, or 0.5 per 
cent carbolic acid were added to various specimens, and the total sediment from 
5 or 6 pie plates taken up in rarely more than 6 cc. total volume. Such thick 
suspensions began to clear up considerably within twenty-four hours, more so 
after three days in the incubator. They never became entirely clear, but at the 
end of this time showed no Gram positive cocci. The active sustance in several 
tests was found in the supernatant fiuid. 

It will be seen from the manner of production that among 
other things these autolysates represented a concentration of 
pneumococcus substance far stronger than ianything obtained 
from the ordinary bacterial cultures or bacterial suspensions 
used in the previous forms of experimentation, and the quantita¬ 
tive factor must, therefore, be taken into account in appraising 
the results. 

The question immediately arises whether we were dealing with a 
true autolytic product or with a simple Jbile solution of the 
organisms, and comparative tests were made. Experiments 
were carried out to determine whether the reactions in sensitive 
guinea pigs are in response to the unaltered dissolved pneumococ¬ 
cus substances, or whether a certain amount of autolysis is 
necessary to produce reactions. An example of such experiments 
is as follows: 

Four guinea pigs likely to be sensitive were selected. A fresh lot of pneumo¬ 
coccus was washed off sixteen pie plates with salt solution and immediately 
centrifuged. Sediment taken up in 5 cc. of 0.5 per cent carbolyzed salt solution 
was divided into two lots. To one of these was added one-tenth volume of 1:10 
taurocholate. To the other was added an equivalent volume of 0.5 per cent car¬ 
bolic salt solution. Both were placed in the water bath and left there with two 
separate additions of 1 cc., respectively, of taurocholate solution to one and 
one-half carbolic salt solution to the other. After two hours in the water bath 
and about an hour in the ice-box, tests were done on the four guinea pigs with 
0.2 cc. of each of the above, and another control injection done on each pig with a 
similar amount of a seven-day old thymol autolysate. In all these pigs the bile 
solution gave fair reactions, but in all but one that material to which no bile had 
been added, and which was quite turbid when the bile solution was clear, gave 
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stronger reactions than the bile solutions. In this one animal the two reactions 
were approximately equal. The old autolysate was the weakest of all. 

From the above protocol it is clear that bile dissolved pneumo¬ 
cocci give reactions in every way comparable to those produced 
by the pneumococcus autolysate. 

The following is another table in which a similar comparison 
was made. 

Comparison of speed of formation of active antigen by autolysis and by bile solution 

Equivalent suspensions of pneumococci: 

A. Twenty-four hour autolysate, heated at 70° for ten minutes. 

B. Pneumococcus suspension heated after fifteen minutes at 70° for ten 

minutes. 

C. Bile solution heated after twenty-four hours at 70° for ten minutes. 

D. Bile solution heated after fifteen minutes at 70° for ten minutes. 
Reactions on four sensitized pigs: 

(1) , A. Mild reaction 

B. Negative reaction 

C. Hevere reaction 

D. Severe reaction 

(2) A. Mild reaction 

B. Negative reaction 

C. Strong reaction 

D. Strong reaction 

(3) A. Mild reaction 

B. Negative reaction 

C. Moderate reaction 

D. Moderate reaction 

(4) A. Slight reaction 

B. Negative reaction 

C. Slight reaction 

D. Strong reaction 

It is apparent from this that the bile solutions are often more 
active upon sensitive guinea pigs than are autolysates produced 
in the usual way. Moreover, if the pneumococci are heated to 
70°C. within fifteen minutes after suspension in salt solution, 
enzyme action is stopped and the autolysate does not form. In 
the case of the bile preparations—on the other hand—Cheating 
within the same period does not prevent the liberation of the 
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responsible antigen—a process which has apparently been con¬ 
siderably accelerated by the bile. 

Since it would unnecessarily lengthen our paper, we abstain 
from citing a considerable number of experiments from which 
it is apparent that it is possible to sensitize with similarly pre¬ 
pared bile solutions, as well as with the autolysates. 

The bile solution, then, is antigenically equivalent to the 
autolysate, and it remains to determine whether or not the solu¬ 
tion by bile represents, as suggested by Atkin (1926), a speeding 
up of autolysis, or whether, by destroying the morphological 
entity of the organisms, it merely liberates an antigen which is 
similarly liberated by the autol 3 d;ic process without the bile, 
but in a slower manner. We thought that we could determine 
this by dissolving pneumococci by other methods, grinding, 
freezing and thawing, hypertonic salt solution and antiformin; 
but in none of these experiments did we produce a material 
that was immunologically equivalent to either of the other two; 
and with the antiformin we found that an active autolysate was 
destroyed by solvent amounts of antiformin, this method, 
therefore, being useless as an approach to the problem. 

We are inclined to favour the view of Atkin in assuming that 
bile solution signifies a speeding up of autolysis for the following 
reasons: in the first place, heating pneumococci to 65° or over 
inhibits both the action of bile and at the same time stops autoly¬ 
sis; heating suspensions of pneumococci for ten minutes at tem¬ 
peratures ranging between 50° and 70°C. shows that both autoly¬ 
sis and bile solution are interfered with to an increasing extent 
as the temperature is raised, and that interference with the two 
effects is parallel. Furthermore, heated suspensions can be 
partially dissolved by adding to them either autolyzed pneumo¬ 
cocci or bile-dissolved suspensions, indicating that the heat 
neither destroys the antigen nor renders the pneumococcus 
insoluble, but merely destroys the enzyme present. We at first 
believed that the speed with which bile solution takes place was 
inconsistent with the view that it represents a hastened enzyme 
action, but experiments on another problem in which it has been 
necessary for us to test filtrates for the presence of trypan 



312 


HANS ZINSSER AND FRANCIS B. GRINNELL 


demonstrated a comparable speed for trypsin action under 
suitable conditions. We must admit, however that none of these 
things definitely determines whether the antigen which renders 
our autolysates effective is a liberated, pre-formed pneumococcus 
constituent, or whether it is a product of autolysis. 

In taking into consideration the quantitative factor involved in 
our experiments, namely, that in the production of the autoly¬ 
sates amounts of pneumococci per volume were used which 
were inordinately greater than in former methods, we carried 
out a few experiments in which sensitization was attempted by 
fresh pneumococcus suspensions of equal density with those 
used for autolysate production, but heated immediately after 
suspension. The injection of such substances into guinea pigs 
sensitized as did the autolysate, but the reactions could not be 
produced in these animals with heated suspensions, an auto¬ 
lysate being necessary to produce the characteristic lesions. 
This we took to reenforce our opmion that the substance produced 
in the test tube by autolytic processes may be produced in the 
animal body by the action of the animal tissues or fluids and 
their enzymes, thus liberating the antigen which, in our basic 
experiments, was produced in vitro. 

As to specificity, our ekperiments have shown that sensitization 
with autolysates of Type I sensitizes to autolysates of Type 
II, and vice versa, thus indicating again in another way that this 
variety of sensitization has no relationship to the type specific 
antibodies, but follows rather closely the laws of specificity 
recognized by Avery and Heidelberger (1925) and by ourselves 
as depending upon the group proteins and not upon the type 
antigens. 

We have above alluded to our preliminary experiments upon 
the possible neutralization of the autolytic antigen by the sera 
and peritoneal exudates of sensitive animals. We have repeated 
these experiments on a larger scale and have found invariably 
that a certain definite but moderate amount of neutralization 
can be accomplished, but that this never amounts to complete 
neutralization and cannot be carried to any significant degree of 
serum dilution. 
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Attempting similar neutralizations with the sera of horses 
highly immunized with autol 5 ^ates, our experience has been the 
same—slightly more neutralization with such serum than with 
normal horse serum—but never extraordinary and always devoid 
of any relationship to contents of agglutinating or other measur¬ 
able antibodies. A corollary to these observations is to be found 
in our experiments on passive sensitization, which were invariably 
negative. We were not able to bring about passive sensitization 
either with the sera of sensitive animals or with the sera of highly 
immunized horses, whether these were rich in antibodies or not. 

Similarly, sensitization was not transmitted to the young of 
sensitized mothers. 


DISCUSSION 

Our experiments seem to us to involve a number of important 
suggestions which may bear upon an understanding of bacterial 
antigens and bacterial allergy. It appears that the type of 
bacterial allergy that can be obtained by the injection of ordinary 
amoimts of dead bacteria or chemically obtained bacterial^ 
extracts is of a variety different from reactions like the typically, 
severe tuberculin reaction in guinea pigs. 

When, on the other hand, autolysates of thick suspension^Tof 
the bacteria are injected by any parenteral route, guinea pigs 
become skin sensitive in a manner that is often more severe th;an 
that observed in the most extreme tuberculin reaction. There 
is not only an oedematous swelling of considerable size, but there 
is often central hemorrhage and not infrequently necrosis that 
leads to ulceration. It is demonstrated, therefore, that bac¬ 
terial sensitization may take a form that implies a very severe 
response which seems to be either specific for certain parts of the 
body'—as the skin'—or else requires a temporary concentration 
of the antigen, such as that which can be easily obtained only 
by the intracutaneous injection. 

Similar sensitization can be accomplished by comparable 
amounts of the dead imautolyzed bacteria, but the actual skin 
reaction can be obtained only with the autolytic products them¬ 
selves, a fact which indicates to us that the responsible antigen 
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is either formed or liberated during this process of autolysis. 
That it is formed under the influence of bile solution, if a suflScient 
concentration of bacteria is employed, has been demonstrated, 
but we hesitate to decide from this whether the antigen is pre¬ 
formed in the animal body, or whether—on the other hand— 
bile solution is a process which merely involves a facilitated 
autolysis. 

Suitably performed, such sensitization may be brought about 
with extraordinary speed, originally negative animals becoming 
moderately positive within five, six or seven days under the 
influence of daily injections of 0.1 to 0.2 cc. of the autolysates. 

The responsible material is heat stable and is present in the 
supernatant fluid if autolysates are centrifuged clear. It is 
destroyed by treatment with antiformin. 

The reaction resembles the tuberculin reaction, not only in 
severity and general character, but in the fact of the heat stability 
of the antigen, the difficulty of passive sensitization, and the 
difficulty of neutralization by the sera of sensitive or immunized 
animals. 

We are encouraged to believe that our experiments suggest an 
explanation of bacterial allergic phenomena in general. Autoly¬ 
sis and bile solution, both of them processes in which no violent 
or artificial chemical injuries are involved, liberate from the 
bacteria antigenic substances which sensitize and elicit reactions 
quite different from those which can be elicited by the whole cells 
or the chemical extracts of the same organisms. It would appear 
reasonable to suppose that substances analogous to our pnemno- 
coccus autolysates may be Uberated from the bacteria within an 
infected body in the case of many organisms which are not subject 
to test tube autolysis, at least with the same ease with which 
this can be accomplished with pneumococci. Such an assumption 
would readily explain the well-known differences between the 
so-called “infection” and “injection” responses, and suggest a 
clue to the true nature of the tuberculin reaction, which we are 
now following further. 

In the specific instance with which our paper deals, it of course 
suggests itself that reactions similar to those described in guinea 
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pigs may have some bearing upon the occurrences in human 
pneumonias, where a rapid autolysis in the lung supplies these 
antigens in considerable quantities, since we have shown that 
sensitization of guinea pigs by the daily administration of small 
amounts of autolysate may take place within five, six or seven 
days. Indeed, the work of Weil (1916) and unpublished ob¬ 
servations of Bigelow, (1921) both of whom studied substances 
which in principle must have been identical with our autolysates, 
indicate that sensitization to these materials takes place in the 
course of pneumococcus infection. 
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Yeasts have been propagated in synthetic nutrient solutions 
since 1860 when Pasteur was carrying out his classic experiments. 
In 1901 Wildiers gave the whole field of investigation new interest 
by suggesting that a hypothetical substance, to which he gave 
the name “bios,” was necessary for their fullest development. 
He believed that yeast would grow in a synthetic medium with¬ 
out this “bios,” but that the development was much better when 
it was present. Wildiers employed a medium composed of 
water, sucrose, magnesium sulphate, potassixim chloride, and 
calcium carbonate. This medium was prepared from p\u*e salts 
and inoculated with Saccharomyces cerevisiae; multiplication was 
measured by loss in weight in the flasks due to CO 2 liberated. 
He found that small seedings produced no fermentation while large 
seedings did produce fermentation. He concluded that growth 
was stimulated, not because of an increase in the nrunber of 
cells used, but by some growth promoting substance which was 
added when large seedings were employed. Growth was acti¬ 
vated by the addition of a filtrate from boiled yeasts, which 
contained this constituent essential for yeast growth, namely, 
“bios.” This “bios” was believed to be a substance other than 
sugar and mineral nutrients and absolutely essential for the 
growth and activity of yeasts. 

It woxild be almost impossible to summarize various data and 
opinions that have been published since 1901. In a very com¬ 
plete review of the question, Tanner (1925), pointed out that 
at present there seemed to be several groups of investigators; 
one group denies the existence or need of a substance like “bios” 
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for yeasts; another group believes that “bios” is necessary, some 
of this group having reported the isolation of this substance; 
and a third group believes that yeast will grow in pure nu¬ 
trient solutions without “bios” but that the addition of a “bios” 
containing substance may cause increased growth. 

Kobertson (1924) reported that continuous growth was not 
obtained when Robertson and Davis’ (1923) synthetic medium 
was employed for the growth of yeasts. In order to confirm this 
statement, forty-six different species of yeasts were inocxilated 
into tubes containing 10 cc. of Robertson and Davis’ medium, 
and incubated at 30°C. for seven days. Transfers were then 
made (with a loop) into fresh media, and the cultures incubated 
for another seven days. The experiment was carried for twenty- 
eight weeks. The following yeasts were employed: 


1. Burgundy wine 

2. Champagne yeast 

3. Cryptococcus agregatus 

4 . Cryptococcus glabratus 

5. Cryptococcus Ludwigii 

7. Endomyces albicans 

8 . Endomyces javanensis 

9. Monilia tropicalis 

10, Mycoderma rugosa ^ 

11. Mycoderma vini 

13. Yeast from oysters—Hunter 

16. Parasaccharomyces Ashfordii 

17. Pichia farinosus 

18. Pichia membranaefadens 

19. Red yeast (Snow) 1—21 

20 . Saccharomyces albus 

21 . Saccharomyces anomolus 

22 . Saccharomyces capsulares 

23. Saccharomyces carlsbergensis 

24. Saccharomyces cerevisiae 

25. Saccharomyces ellipsoideus 

26. Saccharomyces hominis 

27. Saccharomyces intermedius 


28. Saccharomyces logos 

29. Saccharomyces mandshuricus 

30. Saccharomyces marxianus 

31. Saccharomyces neoformans 

32. Saccharomyces Pastorianus 

33. Saccharomyces spec (Plimmer) 

34. Torxda colliculosae 

35. Torula communis 

36. Torula cremoris 

37. Torula datilla 

38. Torula glutinis 

39. Torula humicola 

40. Torula mucilaginosa 

41. Torula rubra 

42. Torula sphaerica 

43. Willia anomala 

44. Willia belgica 

45. Willia saiurnus 

46. Zygosaccharomyces biportis 

47. Zygosaccharomyces chevalier 

48. Zygosaccharomyces mandshuricus 

49. Zygosaccharomyces pas tori 

50. Zygosaccharomyces priorianus 


After twenty-eight weeks continuous multiplication in Robert- 
son-Davis’ medium, it was found that (see table 1) out of the 46 
cultiues employed, 22 displayed abundant growth, 2 moderate 
growth and 2 scant growth. The 20 remaining cultures died 
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in from two to sixteen weeks. Saccharomyces cerevisiae (no. 

24) displayed scant growth and Saccharomyces ellipsoideiis (no. 

25) abundant growth. It is interesting to note that Saccharo- 
myces cerevisiae, a strain used by many workers in studies of this 
question, and especially by Robertson and Davis, did not find 
proper food substances for continued multiplication. This would 
suggest that one should not generalize from experiments with 
one species, To seek information on this question it was noted 
that Mitra (1917) found sodium chloride to inhibit yeast growth 
when present in a concentration of 0.2 mol. per liter or more, 
while in a concentration of 0.001 mol. per liter it stimulated yeast 


TABLE I 

Observed growth at end of 28 seven-day transfers 


IISDZUM 

OBOWTH 


Abundant 

Moderate 

Scant 

Apparently none 

R and D with 
NaCl 

1, 5, 9, 11, 13, 17, 18, 
19, 21, 25, 26, 27,32, 
34, 36, 40, 42, 43, 
44, 45, 47, 50 

7,30 

24,39 

2, 4, 8,9,10,15, 20, 22, 
23, 28, 29, 31, 33, 35, 
37, 38, 41, 46, 48, 49 

R and D 
without 
NaCl 

5, 11, 13, 17, 18, 19, 

21, 27, 34, 36, 43, 
44, 45, 47, 48, 50 

7, 9. 10, 
15,24, 
25,30, 

32 


1, 2, 3, 4, 8, 20, 22, 23 
26, 28, 29, 31, 33, 35, 
37, 38, 39, 40, 41, 42, 
46,49 


growth. To partially check this an experiment was carried on, 
parallel to the above experiment, in which the medium used was 
the Robertson and Davis’ medium without the sodium chloride. 
Sixteen out of the 46 cultures employed, showed abundant growth 
at the end of 28 seven-day transfers, 8 displayed moderate growth 
while the remaining 22 died in from two to seventeen weeks. 
Saccharomyces cerevisiae and ellipsoideus imder the conditions of 
this experiment both showed moderate growth. Comparing 
this to the first experiment it appears that sodium chloride in 
the concentration used was harmful to Saccharomyces cerevisiae 
but harnnlft«fi if not somewhat beneficial to Saccharomyces ellip¬ 
soideus. 
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Pickia farinosus was able to multiply equally well in either 
medium, which was in accordance with the microscopic observa¬ 
tions. This one yeast was selected to represent a group that 
apparently grew equally well in either medium. The members 
of this group were nos. 5, 7, 11, 13, 17, 18, 19, 21, 27, 30, 34, 36, 
43, 44, 45, 47, and 50; nos. 7 and 30 of this group were moderate 
growers, while the remainder were abimdant growers. 

Nos. 1, 26, 40 and 42 apparently needed NaCl very urgently 
since they did not grow in Robertson and Davis’ medium without 
NaCl but displayed a rich growth in Robertson and Davis’ 
medium with NaCl. 

In many of the tubes (nos. 11, 13, 17, 18, 21, 43, 45 and 47) 
displaying rich growth, the yeasts climbed the walls of the tubes; 
as much as 1 cm. in some cases. This happened with yeasts 
cultivated with and without sodium chloride. 

After the experiment was discontinued the twenty-eighth 
transfer (last) of the cultures was placed in the ice box. Four 
months later these cultures were removed and inoculated (0.2 
cc. into 10 cc. medium) into the same media in which they had 
been previously cultured. After four days incubation at 30°C. 
all the cultures displayed growth which was only slightly below 
that obtained at the end of twenty-eight weeks. 

STUDIES IN THE SALT REQUIREMENTS OF YEASTS 

The object of this part of the work was to construct an in¬ 
organic salt and sugar medium which would support the con¬ 
tinuous growth and multiplication of yeasts. After reviewing 
the literature on the effect of various compounds on yeasts, it 
was decided necessary to incorporate the following elranents in 
the medium: C, N, 0, P, K, Ca, Mg, S, Cl. Sucrose, being 
relatively cheap and available in a pure state, was chosen as the 
source of carbon. The other elements were added in the form 
of the Mowing salts: NH4CI, KsHPO^ CaCU- and MgS04. 
The plan of this experiment was to add first one salt then another, 
in various concentrations, to a 10 per cent sucrose solution and 
determine their power to support yeast growth and also to 
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determine, at the same time the most suitable concentration 
of the salt in question. In this manner the optimum concentra¬ 
tion of (NH 4 )sHP 04 (since phosphorus was present in the buffer, 
this salt was discarded) with sucrose, NH4CI with sucrose, and 
KjHP 04 with sucrose, were determined. 

After considering a number of methods, the microscope cell 
method was chosen as the procedure to be used in determining 
the counts. 

Growth in NH4CI and sucrose. The media consisted of sucrose, 
100 grams per liter, and NH 4 CI in the following amounts per 
liter: 0.6, 1.2, 1.5, 1.9, 3.0, 4.0 and 6.0 grams. This set of media 
was made in liter quantities, autoclaved at 15 pounds for twenty 
minutes, and placed in sterile 100 cc. Erlenmeyer flasks in 50 
cc. quantities. The flasks were inoculated with 0.05 cc. of a 
water suspension of a twenty-four-hour culture of yeast. The 
yeasts were Pichia farinosus, Saccharomyces albus, Saccharomyces 
cerevisiae, Saccharomyces ellipsoidus, Saccharomyces marxianus, 
and Saccharomyces Paslorianus. Immediately following the 
inoculation the number of cells per cubic centimeter in the 
various suspensions was determined by a Haemacytometer 
(Zappert-Neubauer Ruling). From this count the initial count 
of the flasks was determined. The count was made by count¬ 
ing 210 small squares (35 squares to a field and 6 fields). A 
magnification of 500 was employed. Haemacytometer counts 
were made on the flasks every day for seven days then transfers 
were made. In making the transfers 0.1 cc. was transferred to 
50 cc. of fresh medium. These seven-day transfers were made 
and coxmts determined until cultures gave evidence of dying 
out or evidence that they would apparently display continuous 
growth. In this manner the most suitable concentration of 
NH 4 CI with sucrose was found to be 0.12 per cent by weight 
or 1.2 grams per liter. Fulmer (1925) found the optimum con¬ 
centration of NH 4 CI for yeast growth at 30°C. was 1.88 gram 
per liter (0.0353N). Differences in the methods of approaching 
the problem, the yeasts used, and the method of determining 
the growth or multiplication might accoimt for some of the 
difference between the above figure and the one obtained in this 
particular investigation. 
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Growth in KJIPOa and sucrose. The same procedure was 
employed in determining the optimum concentration of K2HPO4 
for yeast growth and multiplication as was used in the work on 
NH4CI. Taking the yeasts in general 0.05 per cent K2HPO4 
appeared to bring about the most vigorous growth. 

Construction of a new medium. As mentioned in the intro¬ 
duction to the experimental part of this work it was desired 
that the following elements be incorporated in the medium: 
C, N, 0, P, K, Ca, Mg, S, and Cl. From the experimental work 
cited above the following, seemed most suitable. 

C, and O as sucrose (10 per cent) 

N, and Cl as NH4CI (0.12 per cent) 

K, and P as K 2 HPO 4{0 05 per cent) 

Bearing in mind the work of Loew (1899), that Ca and Mg salts 
were necessary for nucleus production, Ca was added in the 
form of CaCb, Mg in the form of MgS 04 ; and in the concentra¬ 
tions which appeared to be universal with earlier workers, 
namely, CaCh 0.01 per cent and MgS 04 0.02 per cent. With 
the addition of these two salts all the essential elements were 
incorporated in the medium. 

Formula of the new medium {called Medium No. 1) 


Sucrose. 

NH4CI. 

K2HPO4. 

CaCls. 

MgS04 . 

Distilled water 


100.0 grams 
1.2 grams 
0.5 gram 
0.1 gram 
0.2 grams 
1000 cc. 


This medium was foxmd to form only a slight precipitate. It 
was sterilized for twenty minutes at 15 pounds. 

Observations were made on the growth of the yeasts in medimn 
no. 1 for eighteen more weeks. Pichia farinosus, Saccharomyces 
albus, Saccharomyces cerevisiae, and Saccharomyces ellipsoideus 
displayed abimdant growth; while Saccharomyces marxianvc 
and Saccharomyces Pastorianus showed a moderate growth. 
The tubes were well shaken before a count was made, which 
aerated the cultures to some extent and aided in multiplication. 
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Pichia farinosus fonned a pellicle growth and climbed the walls 
of the tubes. After several days incubation the growth was 
heavy enough to hang down into the medium. The other yeasts 
grew so as to produce a uniform clouding. All of the yeasts 
produced a sediment. Saccharomyces cerevisiae and ellipsoideus 
liberated gas. 

PURIFIED SUCROSE IN A SYNTHETIC NUTRIENT MEDIUM 

A large number of synthetic nutrient solutions (inorganic 
salt and sugar media) for the cultivation of yeasts have been 
proposed. In a fair percentage of these, sucrose is «nployed 
as the source of carbon. 

In these various synthetic media the sugar is the only con¬ 
stituent whose purity has been questioned, being thought by 
many to contain growth promoting substances as impurities. 

The object of this part of the investigation was to determine 
if any growth promoting substance which might be contained in 
sucrose as an impurity could be removed by alcoholic extraction. 
The consensus of opinion was that “bios” was present in the 
sugar and would be soluble in 80 per cent ethyl alcohol. 

The extraction of “bios” from cane sugar was attempted by 
WUlaman and Olson (1923). The sugar was extracted with 80 
per cent ethyl alcohol by repeated precipitation from a concen¬ 
trated water solution since “bios” was considered soluble in 
this concentration of alcohol. Following experiments in which 
this extracted sugar was employed, they concluded that normal 
growth of yeast was impossible without “bios” and that, up to 
an optimum concentration, the rate of growth and total amount 
of growth were roughly proportional to the amount of “bios” 
available. They pointed out that over sixty compoimds of nitro¬ 
gen have been tested and found not to be “bios.” 

Merck’s (Highest Purity) Saccharose was employed through¬ 
out the experiment. The method of purification was as follows; 
A supersaturated solution of sucrose in water was first made by 
dissolving an excess of sucrose in hot water. When the solution 
was cool the saturated syrupy solution was poured off and its 
volume determined. To this solution enough 95 per cent ethyl 
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alcohol was added so that the resulting solution contained 80 
per cent alcohol. To do this it was necessary to add 275 cc. of 
95 per cent ethyl alcohol for every 50 cc. of saturated sugar 
solution present. Allowance was made for the 5 per cent water 
in the alcohol. The solution was then set aside and the sucrose 
allowed to crystallize. As a rule it was unnecessary to seed the 
solution. After the crystallization was complete (twenty-four 
to thirty-six hours) the sucrose was filtered off, washed with 80 
per cent alcohol, dried, powdered, and used. 

Since the formula of Medium No. 1 had not been devised at 
the time this work was being carried on Fulmer and Nelson’s 
Medium E was used to test the properties of the extracted sugar 
and the residue. 

Formula of Fulmer and Nelson’s Medium E. Ammonium 
chloride, 0.188 gram; calcium chloride, 0.10 gram; di-potassium 
hydrogen phosphate, 0.10 gram; calcium carbonate, 0.040 gram; 
sucrose, 10.0 gram; water (distilled) 100 cc. 

In preparing the mediiun both raw (not extracted) and ex¬ 
tracted sucrose were used. The same procedure and technique 
was employed as was described earlier in this paper. The 
medium was tubed in 10 cc. quantities as needed, and inocu¬ 
lated with water suspensions of the six yeasts used in the work 
on the salt requirements of yeasts, and incubated at 30°C. The 
counts were determined, as before, with a haemacytometer. 

The “bios” factor, if present, being soluble in 80 per cent 
ethyl alcohol, remained in the filtrate. To determine this a 
portion of one of the filtrates was evaporated to dryness on a 
water bath and the residue examined. A 10 per cent water 
solution of this was added to both raw and extracted sugar media 
in varying quantities so that 0.01, 0.02, 0.03 .... 0.10 per 
cent mixtures were formed. 

It was found that no growth promoting substance, soluble in 
80 per cent ethyl alcohol was demonstrated in the sucrose by 
the methods used. The experiment was continued long enough, 
and sufficient transfers were made so that any growth stimulat¬ 
ing substance present in the initial transfer was eliminated. 
The initial inoculations into the four types of media; (a) raw 
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sugar medium, (6) extracted sugar medium, (c) raw sugar medium 
containing water solution of residue, and (d) extracted sugar 
medium containing water solution of residue—were made from 
the same emulsion; consequently these cultures were started with 
the same number of cells for each yeast employed. The counts, 
as determined by a haemacytometer, were practically the same 
(several million cells per cubic centimeter) for each yeast in the 
four types of media. The small differences were within the 
range of experimental error. 

EFFECT OF AERATION ON YEAST GROWTH 

Another factor in yeast growth and multiplication which 
has aroused the interest of several investigators is that of aeration. 

Hansen (1902) pointed out the necessity of air or oxygen in 
media for sporulation of yeasts. Slator (1921) found that air 
aided yeast growth owing to the effect it had in lessening the 
supersaturation of the medium with CO 2 . The early stages of 
growth of quiescent yeast did not require air. 

Tanner and Millhouse (1925) found that aeration had a decided 
effect, the multiplication rate being many times greater in the 
aerated than in the unaerated medium. 

The object of this phase of the experimental work was to 
determine whether or not aeration had any influence on the 
multiplication of yeasts. 

Compressed air, used for the aeration, was sterilized by passing 
it through a train of two bottles packed with cotton. The bottles 
were about 10 cm. in diameter and 25 cm. high. The air was 
then carried by means of glass and rubber tubing to a “Y” tube; 
which was connected to two culture bottles. These culture 
bottles were fitted with two-hole rubber stoppers. They were 
wide mouth bottles about 7 cm. in diameter and 18 cm. high. 
The air was carried to the bottom of the bottles by means of 
Folin tubes (used to break up the air bubbles). The air left 
the culture bottles through short delivery tubes to the ends of 
which were connected rubber tubes plugged with cotton. 

The entire apparatus was placed in a 30°C. incubator, and 
the air was brought in through a small hole in l4ie side of the 
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incubator. The delivery tubes and the bottles containing the 
cotton were autoclaved before the experiment was started. The 
medium was sterilized in the culture bottles along with the 
stoppers, Folin tubes, and delivery tubes. 

Five hundred cubic centimeters of Medium No. 1 were placed 
in each culture bottle and sterilized as described above. The 
bottles were inoculated with one cc. of a seven-day culture of 
the yeast. The yeasts used had been cultured in this same medium 
for at least seven weeks. Pure cultures of the following yeasts 
were used: Saccharomyces cerevisiae, Saccharomyces ellipsoideua, 
Saccharomyces albus, Pichia farinosus, Saccharomyces marxianus, 
and Saccharomyces Pastorianus. 

For comparison, unaerated cultme bottles were placed in the 
incubator along with those that were aerated. Haemacytometer 
counts were made every day and curves plotted. 

In accordance with the results of Slator (1921), and Taimer 
and Millhouse (1926) aeration was found to have a decided effect 
upon the growth of the yeasts studied. 

Saccharomyces cerevisiae responded very slightly to aeration; 
the unaerated coimt reached a maximum of 10.3 millions of cells 
per cubic centimeter while the aerated count reached a maximum 
of only 13.7 millions. The other yeasts, however, responded to 
aeration to such an extent that the aerated maximum counts 
were from 3 to 15 times the unaerated maximiun counts. The 
effect of aeration was best noted with Pichia farinosus; the maxi¬ 
mum unaerated and aerated counts were respectively 24.0 and 
320.0 millions of cells per cc. This yeast was the only one, 
which, when not agitated, formed a pellicle. This suggested 
some correlation between yeasts which when not agitated form 
pellicles and those which respond to aeration. 

The unaerated cultures were not entirely without aeration 
since they had to be shaken each day before the counts were 
made. If these coimts could have been made without this small 
amount of aeration, due to the shaking, there probably would 
have been even greater differences between the counts of the 
aerated and the unaerated cultures. 

As stated before, the removal of CO* by the aeration seems 
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to be the best explanation of the great increase in multiplica¬ 
tion. It was also noticed that with the aerated cultures the 
clumps were smaller and the buds were broken off; this might 
have aided in a more rapid multiplication. 

STAINING LIVE AND DEAD YEAST CELLS 

Many methods have been proposed for the differentiation of 
living and dead bacteria and yeast cells. According to Wehmer, 
a 0.5 per cent methylene blue solution stained dead yeast cells 
indigo blue and left the living cells colorless. Schlichting and 
Winther (1910) investigated two stains; methylene blue (1:1000) 
and sodium sulfoindigotate (1-30). Of the two staining media 
employed they preferred the solution of sodium sulfoindigotate 
(Indigocarmine) in the dilution of 1:30. 

Fraser (1920) employed a larger group of stains: Grubler’s 
methylene blue, Merck’s methylene blue, Kahlbaum’s methyl¬ 
ene blue 6B extra, fuchsin, congo red, erythrosin, safranin (water 
soluble), gentian violet, and methyl green. The action of these 
stains was determined on “boiled” and “live” baker’s yeast, and 
on yeast killed by mixing with 0.25 per cent phenol for three 
hours. They found no differences in staining properties of the 
yeasts killed by boiling, and with phenol. Erythrosin (0.5 
per cent) and Kahlbaum’s methylene blue 6B extra (about 0.1 
per cent) proved the best. The erythrosin gave a sharp dis¬ 
tinction between live (stained red) and dead (colorless) cells in 
three minutes, and the methylene blue, in one minute after the 
addition of the dye. 

The following stains in the concentrations noted were used 
in this investigation: Congo Red, Eosin, Erythrosin, Methyl 
Green, Neutral Red, Safranin (0.5 gram 100 cc. water); Gentian 
Violet, 0.4 gram per 100 cc. water; Indigo Carmine, 1.0 gram 
per 30 cc. water; Methylene Blue, 1.0 gram per 200 cc. water; 
and Methylene Blue, 1.0 gram per 1000 cc. water. 

The procedure used in determining the efficiency of a stain 
to differentiate between living and dead yeast cells was very 
simple. Young cultures of Saccharomyces cerevisiae and Sac- 
charomyces ellipsoideus were used as a source of living cells. In 
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these young cultures only a small per cent (in many cases less 
than 1 per cent) of the cells were found to be dead. Young 
cultures killed by boiling for a few minutes or by mbdng with 
0.50 per cent phenol for a few hours acted as a source of dead 
cells. In staining, either dead or living cells, equal volumes of 
stain and yeast suspension were mixed and allowed to stand for 
one minute. A wet mount was then made and examined by a 
magnification of about 500. After it was determined qualita¬ 
tively whether or not a stain had the ability to differentiate 
between living and dead cells (dead cells being stained while the 
living cells were not stained) a quantitative determination was 
made, as follows; A water suspension of a young yeast culture 
was divided into two portions; one portion was killed by one of 
the methods described above. In this way two suspensions 
having approximately the same count per cubic centimeter were 
obtained. Equal volumes of the two suspensions were mixed 
and stained as directed above. When examined, the number of 
stained (dead) cells should be approximately equal to the munber 
of unstained (living) cells. A number of fields were counted and 
an average determined. 

The experiment was repeated, using, as a source of dead cells, 
cells that had died from the lack of food material or accumula¬ 
tion of metabolic products. 

No difference was found in the response of dead cells to the 
stains when killed by heat or with phenol, or when they died 
from lack of food material or “old age.” 

Congo Red. The dead cells were stained only a faint pink 
and it was difl&cult to distinguish living cells from dead cells. 

Eodn. The dead cells were stained a faint pink, while the 
living cells were colorless. As compared to Erythrosinitwasmore 
difficult to distinguish dead cells from living cells. A large num¬ 
ber of fields of a stained suspension of living and dead cells were 
comited and the average number of dead and living cells pw 
field was determined. The average number of dead cells per 
field was found to be 14.1, and for living cells 15.6. 

Erythrodn. 'Hie dead cells were stained a deep pink while the 
living cells were colorless; which made differentiation easy. 
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The average number of dead cells per field for a large number of 
fields was found to be 23.1, and for living cells 26.6. 

Gentian Violet. In the concentration employed this stain 
proved to be unsatisfactory since the living as well as the dead 
cells were stained. 

Indigo Carmine (sodium sulfo-indigotate). This stain also 
proved to be unsatisfactory; the dead cells were not stained after 
being in contact with the dye for as long a period as thirty 
minutes. 

Methylene Blue (1:200). Methylene blue of this concentra¬ 
tion was not as satisfactory as the 1:1000 concentration. The 
living cells were slightly tinged with blue which was not very 
satisfactory for differentiation. 

Methylene Blue (1:1000). The living cells were not stained, 
while the dead cells were stained blue. Although differentiation 
of dead cells from living cells was possible with methylene blue 
1:1000, it was not as satisfactory as Erythrosin or Eosin. The 
average number of dead cells per field for a large number of 
fields was found to be 24.8, and for living cells 25.1. 

Methyl Green. The dead cells were stained a blue-green while 
the living cells were only tinged with green. Although differen¬ 
tiation was possible the stain was not as satisfactory as Erythro¬ 
sin. The average number of dead cells per field for a large number 
of fields was 33.3, and for living cells 34.7. 

Neutral Red. Nearly all the cells were stained a deep pink 
or at least tinged with pink. This made differentiation nearly 
impossible. 

Safranin. This stain was only a trifle more efficient than 
neutral red. The dead cells were stained red and the living 
cells tinged with pink, which placed the stain in the group which 
were considered as unsatisfactory. 

GENERAL SUMMARY 

The synthetic medium proposed by Robertson and Davis 
(1923) was found to be similar in composition, in many respects, 
to those media proposed by Fermi, Nageli (1881), and Fulmer 
Mid Nelson (1923). Contrary to the findings of Robertson 
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(1924) the medium of Robertson and Davis was found to support 
the growth and continuous multiplication of a variety of yeasts. 
Growth and continuous multiplication of the same group of 
yeasts was also obtained when the sodium chloride was omitted 
from the medium. Taking the entire set of cultures as a whole 
the presence or absence of sodium chloride in the medixun, in the 
concentration used, appeared to have no decided effect, as sug¬ 
gested by Mitra (1917). 

With regard to the construction of a synthetic nutrient 
medixun it was desired to incorporate the elements C, N, 0, P, 
K, Ca, Mg, S, and Cl in the medixun. These elements were added 
in the form of the following compoxmds: NH4CI, K2HPO4, 
CaCh, MgS04, and sucrose. After the optimxim concentration 
of each compound (except sucrose) was determined and the 
medixun prepared it was found that six pure species of yeasts 
were able to multiply abundantly, when cultured according to 
the technique described. The fact that this medium forms no 
precipitate and yet contains a bxiffer makes it very satisfactory 
as a basal medixun. 

As mentioned earlier, the only compoxmd whose purity (con¬ 
sidering “bios” as an impxuity) could be questioned was the 
sucrose. However, sucrose, recrystallized according to the 
method described, when compared to ordinary sucrose, pro¬ 
duced no noticeable effect on the continuoxis multiplication and 
growth of the six pxire species of yeasts when cultiued in Fxilmer 
and Nelson’s Medixun E. To approach the question from another 
angle the filtrates, resulting from the recrystallization of the 
sucrose from 80 per cent ethyl alcohol, were examined. When 
these filtrates were concentrated and added to the medixun above 
(prepared from ordinary and recrystallized sucrose) they were 
found to produce no stimulating effect on the mxiltiplication of 
the yeasts used. From the above it appears that no growth 
promoting substance soluble in 80 per cent ethyl alcohol was 
demonstrated in the sucrose employed. Also, it appears that 
mxiltiplication can be obtained with large seedings in a synthetic 
"bios” free medium providing the medixun is one in wMch the 
yeasts can avail themselves of the foods present. It must not 
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be forgotten that there are factors other than chemical factors 
that influence growth. Aeration, a physical factor, was the one 
studied. The response of the yeasts to aeration was very strik¬ 
ing. Counts of several hundred millions of cells per cubic 
centimeter were obtained in the aerated flasks in contrast to 
only 10 to 30 millions of cells per cubic centimeter in the unaer¬ 
ated flasks. This increase is thought to be due to the removal of 
CO 2 from the medium and also to the breaking off of the buds 
due to the agitation. The results also suggested a possible 
correlation between top yeasts and their response to aeration. 

Another problem of a different nature from those discussed 
above, but included in this investigation, is that of staining live 
and dead yeast cells. An attempt was made to compare the 
ability of a number of stains to differentiate between living and 
dead cells, (dead cells being stained, living cells unstained). Of 
the stains employed (congo red, eosin, erythrosin, gentian violet, 
indigo carmine, methylene blue, methyl green, neutral red, and 
safranin), erythrosin (0.25 per cent aqueous solution when mixed 
with the yeasts suspension) was found to be the most efficient 
and desirable. Eosin and methylene blue (0.25 per cent and 
1:2000 by weight respectively when mixed with the yeast sus¬ 
pension) were found to be efficient but not as satisfactory as 
erythrosin. No difference was foimd in the response of dead 
cells to the stains when killed by heat or with phenol, or when 
they died from lack of food material or “old age.” 

CONCLUSIONS 

1. Robertson and Davis’ medium was found to support the 
continuous multiplication of 26 yeasts. 

2. Robertson and Davis’ medium without sodium chloride 
was found to support the continuous multiplication of 24 yeasts. 

3. Taking the entire set of yeasts as a whole, the presence or 
absence of sodium chloride in the medium, in the concentration 
used, appeared to have no decided effect. In the case of Sac- 
charomyces cerevisiae the presence of sodium chloride (5.0 grams 
per liter) appeared to have a harmful effect. 
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4. Six pure species of yeasts were found to multiply either 
moderately or abundantly in Medium No. 1, when cultured 
according to the technique described. 

5. Multiplication can be obtained with large seedings in a 
synthetic '‘bios” free medium providing the medium is one in 
which the yeasts can avail themselves of the foods present. 

6. Sucrose, recrystalUzed according to the method described, 
when compared to ordinary sucrose, produced no noticeable 
effect on the continuous multiplication of six pure species of 
yeasts when cultured in Fulmer and Nelson’s Medium accord¬ 
ing to the technique described. 

7. Filtrates, resulting from the recrystallization of the sucrose 
from 80 per cent ethyl alcohol, when concentrated and added to 
Fulmer and Nelson’s Medium E (prepared by using ordinary and 
recrystallized sucrose), produced no stimulating effect on the 
multiplication of the yeasts used. 

8. No growth promoting substance soluble in 80 per cent 
ethyl alcohol was found in the sucrose employed. 

9. Aeration increased the multiplication of the yeasts em¬ 
ployed when cultured according to the technique described. 

10. The removal of CO* by the aeration seems to be the best 
explanation of the incr^se in the multiplication. 

11. The results suggest a possible correlation between top 
yeast and response to aeration. 

12. Living and dead yeast cells can be differentiated by stain¬ 
ing methods. 

13. Erythrosin (0.25 per cent aqueous solution when mixed 
with yeast suspension) was found to be the most efficient and 
desirable of the ten stains examined for differentiating living and 
dead yeast cells. 

14. Eosin (0.25 per cent aqueous solution when mixed with 
the yeast suspension) and Methylene blue (1:2000 aqueous 
solution when mixed with the yeast suspension) were foimd to be 
efficient but not as satisfactory as Erytffiosin. 

15. No difference was found in the response of dead cells to 
the stains when killed by heat or with phenol, or when they died 
from lack of food material or “old age.” 
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No sooner had vitamins been discovered to be essential in the 
growth and reproduction of certain of the higher animals than 
similar claims were put forth in regard to their importance in the 
physiology of microorganisms. Confusion as to the identity of 
bios and vitamin B led to further unjustifiable extensions of the 
meaning of the term vitamin until substances acting as growth 
or reproductive stimulants were included in the category of 
vitamins, although wholly uimecessary for the processes of growth 
and reproduction themselves. In fact as Fxilmer (1922) pointed 
out it has been attempted on the basis of just such stimulation to 
ascribe entirely new properties to vitamins in direct conflict with 
the only adequate test now knowm—the effect on the growth and 
reproduction of a suitable animal. 

Substances of the nature of vitamin B have been claimed to be 
essential or markedly stimulating to the growth and reproduc¬ 
tion of various microorganisms. Only a few of the more pertinent 
references will be cited here and the reader is referred to Tanner’s 
review of the bios question for a comprehensive resiun6 (1925). 

Linossier (1919, 1920) reported that Oospora lactis could 
grow in synthetic media but that it was sensitive to the addition 
of vitamins. The addition of vitamin extracts markedly in¬ 
creased the crop. Sammartino (1921) reported that both rapidity 
of reproduction and rapidity of fermentation of Saccharomyces 
cerevisiae are affected by vitamins. 

Funk and Friedman (1922) found for both yeasts and bacteria 
growth stimulating substances which they claimed to be of a 
vitamin nature, present in beef, pepton, beef heart infusions and 
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autolyzed brewer’s yeast. Suzuki and Suzuki (1923) separated 
from vitamin B by means of almninum cream a substance pro¬ 
moting bacterial growth, which they called vitamin D and stated 
that it was a decomposition product of vitamin B. Broadhurst 
(1921) reported remarkable revivification of old bacterial cultures 
by use of an aqueous extract of the navy bean. She attributed 
the results to vitamins. 

Itano (1923) in a study of the influence of vitamin B upon the 
rate of growth of Azotobacter chroococcum concluded that it exerted 
a marked stimulating influence on reproduction and nitrogen 
fixation. Referring to vitamin B concentrate and nucleic acid 
Itano concluded that ‘fit seems to be apparent that these two 
substances exert an accessory influence other than the supply 
of a very small quantity of food substance.” He believed his 
experimental data indicated plainly that the addition of vitamin 
B to the mediiim had a stimulating influence on Azotobacter 
chroococcum. 

Sanborn (1926) in a recent article concluded that “the essential 
food factor represented by vitamin B (?) exerts a stimulating 
effect upon the growth and physiological efficiency of C. {CeUulo- 
monas) folia.’’ In the work of Itano and of Sanborn a vitamin 
concentrate was added to the medium to supply vitamin B. 

The numerous investigations purporting to indicate a stimula¬ 
tive effect of vitamin B on bacterial metabolism show a general 
disregard of the effect of small and easily available quantities of 
food present during the lag phase on the bacterial numbers 
occurring during the phase of logarithmic reproduction. A 
similar disregard of the possible effect of the vitamin synthesized 
by the microorganism is manifested. 

In a former communication (1925) it was shown that numerous 
species of bacteria, yeasts and fungi may be continuously cul¬ 
tured in wholly synthetic media employing inorganic salts and 
either methose, or synthetic succinic acid, as sources of energy. 
In the present paper it is shown that the addition of vitamin B to 
the medium does not stimulate reproduction of certain nitrogen 
fixing organisms, particularly Azotobacter chroococcum. It is 
shoAvn that the addition of a vitamin B concentrate may afford a 
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transient stimulation which is not of a type correctly ascribed to 
vitamins and is incidentally the result of circumstances in which 
vitamin B plays no essential part. It is shown that stimulation 
due to a small quantity of food substance other than vitamin B 
may be differentiated from effects ascribable to vitamins by 
determining the rates of multiplication of an organism. 

EXPERIMENTAL 

Effect of vitamin B on the rate of multiplication of Azotohacter 
chroococcum and Rhizohium leguminosarum 

The vitamin B concentrate used was prepared by the Harris 
Laboratories. The preparation was advertised as containing 
vitamin B in concentrated form (Osborne and Wakeman, frac¬ 
tion 2). Rat tests indicated that the material was rich in 
vitamin B. Its nitrogen content by the Kjeldahl method was 
0.75 mgm. per gram of concentrate. It was tested for its action 
on the rate of multiplication of microorganisms by adding to 
Ashby solution of pH 7.2. This medium contained only chem¬ 
ically pure salts and sucrose. As a precaution against the pos¬ 
sible presence of vitamin B, the sucrose was extracted continu¬ 
ously for seventy-two hours with hot 95 per cent alcohol. A 
1 per cent solution of the concentrate was prepared and varying 
amounts added to double strength Ashby solution. SterUe 
distilled water was then added to volvune. The medium was 
tested for sterility before use. Equal quantities of a twenty- 
four to forty-eight hour culture of Azotohacter chroococcum or 
Rhizohium leguminosarum were added as inoculum. 

All culture flasks in an experiment were connected by means 
of a manifold to a vacuiun line and the number of bubbles of air 
passing through controlled by means of screw clamps. A cur¬ 
rent of air sufficient to maintain a circulation of the medium was 
employed. Cotton plugs in the inlets and outlets prevented 
contamination; an acid tower prevented absorption of atmos¬ 
pheric ammonia by the cultures. Reproduction of Azotohacter 
and Rhizobium is markedly stimulated by aeration due to a 
better distribution of oxygen and nitrogen throughout the 
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medium. The range of growth in the medium is greatly extended, 
that is, growth and reproduction occur throughout the medium 
and not simply near the surface as occurs in unaerated liquid 
cultures. 

Plate counts were abandoned since any strain of Azotobacter 
or Rhizobium forms some gum and plate counts were found 
unreliable. Direct coxmts were made by use of a Helber coimting 
chamber^ 

Stimxilation of bacterial multiplication may best be deter¬ 
mined by comparing velocity coefficients of the rate of multiplica¬ 
tion. This is most conveniently performed for the logarithmic 
phase., Our classification of the life phases in a bacterial culture 
is that suggested by Buchanan (1918). During the logarithmic 
phase the rate of multiplication is constant. The velocity 
coefficient (k) is determined by the relationship 

^ ^ log 6 - log B 
t 

in which k is the velocity coefficient, i.e., the rate of reproduction 
per cell, t is time in hours, b is the number of bacteria present 
after time t, and B the number of bacteria present when t b equal 
to 0. Graphical representation of results may be accomplished 
by plotting logarithms of the nmnbers of bacteria as ordinates 
against times in hours as abscissae. Since the rate of multiplica¬ 
tion dining the logarithmic phase remains constant, the curve 
during thb period b represented by a straight line. The greater 
the slope of thb line the greater the rate of multiplication. We 
may, therefore, compare graphically the rates of multiphcation 
of two cultures during the “logarithmic” phase by comparing the 
slopes of these lines. Since a straight line represents the rate of 
multiplication, coefficients may be determined for any interval of 
time during thb phase. However, the entire line was employed 
to determine velocity coefficients because it was found that more 
accurate results were obtained in thb manner. 

Experimental determination of a mathematical expression of 
the degree of stimulation occurring during the lag phase b more 
difficult since there b an acceleration of the rate of multiplication 
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per cell which approaches the constant of the logarithmic phase. 
A time measurement of lag may be of value in these experiments 
since all cultures were started with equivalent inoculations. 

Table 1 gives the results of one of numerous experiments and 
affords data which are subject to analysis. In a 1:10,000 con¬ 
centration, the vitamin concentrate evidently induces a definite 
increase in the number of organisms present during the early 


TABLE 1 

Egect of vitamin B on the rate of reproduction of Azotobacter 


fXASK 

TREATMENT 

(abubt medium) 

OKOAmSMS, MILLIONS PER CUBIC CENTIMETER 

AITER HOURS AT 25"C. 

k 

0 

hours 

0 

hours 

12 

hours 

18 

hours 

30 

hours 

42 

hours 

54 

hours 


1 

Vitamin concen¬ 
trate 1:1,000 

2.0 

4.0 

8.3 

16.0 

58 

230 

916 

0.872 

2 

Vitamin concen¬ 
trate 1:10,000 

2.0 

3.5 

1 6.4 

14.0 

46 

190 

750 

i 

0.881 

3 

Vitamin con¬ 
centrate 
1:1,000,000 

2.0 

2.2 

3,0 

4.6 

j 

19 

78 

300 

0.872 

4 

Alcohol extract 
equivalent to ! 
1,100,000 con¬ 
centrate 

2.0 

2.2 

2.9 

4.9 

18 

84 

300 

0.860 

5 

Extracted con¬ 
centrate 

1:1,000 

2,0 

3.9 

7.6 

14.0 

50 

210 

860 

0.915 

6 

Plain Ashby 
control 

2 0 

2.3 

3.4 

6.5 

23 

91 

320 

0.835 


stages of growth. This holds for both Azotobacter chroococcum 
and Rhizohium leguminosarum (table 1). 

In figure 1 are shown for more critical analysis curves for the 
multiplication of Azotobacter chroococcum. Logarithms of the 
numbers of bacteria are plotted as ordinates, times in hours are 
plotted as abscissae. An analysis of the curves indicates the 
nature of the apparent stimulation. It is shown that stimulation 
due to smfl.ll quantities of food substances other than vitamin B 
may be differentiated from effects ascribable to vitamins by 
determining rates of multiplication of the organisms. Cultures 
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to which the vitamin B concentrate was added showed a grea^ 
average acceleration—a progressively shorter average aeration 
time—during the period of lag than did the control organisms 
forced to fix atmospheric nitrogen. Lag periods of ten to fiftemi 
hours were common in the control flasks. On the other hand the 
addition of vitamin B concentrate in 1:1000 concentration re- 


-9 



Fio. 1 

A. Culture in Ashby medium (control). 

B. Culture in Ashby medium plus 1.* lO^OOO vitamin B concentrate. 

C. Culture in Ashby medium plus 1:1,000,000 vitamin B concentrate. 

D. Culture in Ashby medium plus 1:10,000 alcohol extracted vitamin B con* 

centrate. 

E. Culture in Ashby medium plus alcohol extract of vitamin B concentrate 

equivalent to 1:10,000 concentrate. 


duced the lag to a period of an hour or less. It is difficult to say 
whether the initial stationary phase is idiortened by the vitamin 
concentrate or whether the rate of reproduction is simply greater 
during the lag phase. It has seemed by using old cultures of 
Azotobacter (i.e., cells capable of showing an extended initi a l 
stationary phase) that both a reduction of the initial period and 
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an increased rate of reproduction are caused by the addition 
of the vitamin concentrate. 

Following this initial acceleration in the cultures containing 
the vitamin concentrate the cxures become parallel and the 
average rates of reproduction^—^the average generation times in 
the control and vitamin cultures—are equal. That is, the cells 
in the original inoculum and their progeny for several generations 
show the stimulative action of the concentrate while cells in 
following generations show no such effect. 

This is clearly not a vitamin effect. There is no reason to 
assume that the first generations would be stimulated by vitamin 
B while the later generations would not. A vitamin effect should 
be indicated by an increase in the rate of multiplication extending 
throughout the entire range of reproduction—at least through the 
lag phase and logarithmic phase. The curve during the logarith¬ 
mic phase for cells receiving a vitamin stimulation would be 
expected constantly to ascend more rapidly than the control 
curve. This is apparently not the case. 

Against these concliisions it might be claimed that the vitamin 
is used up dining the lag phase and that the stimulation due to 
the vitamin must necessarily cease therefore. Furthermore, it is 
conceivable that destruction of the vitamin may occur as the 
result of the action of bacterial products of metabolism. In¬ 
vestigators claimiug to have shown vitamin stimulation have 
tacitly assumed no such induced unavailability of the vitamin, 
since none of them have restricted their claims to the lag phase. 
In fact the nature of their experiments is assurance that their 
results were determined from multiplication occurring during 
advanced life phases. In view of the fact that a concentrated 
form of vitamin material was added, it is hardly conceivable that 
a few million bacteria could possibly use up all of the vitamin. 
Furthermore, we know that old cultures of Azotobacter have 
vitamin B available for the growth of rats. Our results with 
alcohol extracts of vitamin concentrate and extracted concentrate 
show a definite correlation of the rate of multiplication with the 
quantity of nitrogenous material and not with vitamin content. 
Tbis point will again be considered. 



342 


C. H. WBRKMAN 


If on the other hand we are dealing with a nutritional stimula¬ 
tion due to the presence of a small quantity of an easily available 
somce of some essential element such as nitrogen or due to an 
easily available source of energy, such stimulation would be 
apparent only so long as the source of supply lasted. Therefore, 
we may determine experimentally, velocity coefl&cients of the 
rate of multiplication during the logarithmic phases of cultures 
of organisms with and without vitamin B added to the medium. 
If the addition stimidates reproduction, the coefficient, deter¬ 
mined in the presence of vitamin B will be greater. The only 
other alternative is proof of the destruction or induced unavail¬ 
ability of the vitamin. 

The utilization of a very small quantity of food material other 
than vitamin B by the organisnos constituting the original inocu- 
Imn, resulting in a greater acceleration than is shown by organ¬ 
isms forced to fix atmospheric nitrogen, is important in deter¬ 
minations purporting to show stimulation ascribable to vitamins. 
This point has been generally disregarded. 

An hypothetical case may serve as an illiistration. Culture 
tubes A and B containing Ashby’s medium are inoculated 
with equal numbers of Azotobacter cells. Tube B receives an 
addition of a small quantity of a substance containing readily 
available nitrogen. It is necessary for the organisms in tube A 
to obtain their nitrogen from the atmosphere (a less available 
source than is afforded by the substance added to tube B). As 
a result, the organisms planted in tube B multiply more rapidly 
and are, let it be assumed, ten times as ntunerous per unit volume 
as in tube A at the time each enters the logaritlunic phase. 
At this time the source of nitrogen available in tube B as the 
result of the addition of the nitrogenous material to the medium, 
becomes exhausted. Both cultures must now obtain their 
nitrogen from the atmosphere. Disregarding any environmental 
adaptations of the orgaiusms and recalling that multiplication is 
geometric, we shall find (at comparable times during the loga¬ 
rithmic phases in the cxiltmes) always t«i times as many organisms 
in tube B as are in tube A. In fact, this is just the result to be 
expected if the rates of multiplication per cell are equial. Resort 
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to an hypothesis of vitamin stimulation is not only superfluous 
but involves an erroneous interpretation of results. 

An experimental demonstration of the above h 3 T)otheffls is 
shown in figure 1. It is seen that after an initial stimulation of 
the rate of multiplication in the vitamin tubes, all rates are later 
equivalent (slopes parallel) although there are many more organ¬ 
isms in the vitamin B culture per cubic centimeter than in the 
control. The rate of multiplication per cell (k) for organisms 
having access to vitamin B in 1:10,000 concentration is 0.881, for 
controls 0.835 (table 1).' At 1:10,000 dilution the concentrate 
contains sufficient easily available nutritional matter of a nature 
other than vitamin B (i.e., nitrogen) to afford these or ganisms an 
initial stimulation that carries them into the phase of logarithmic 
reproduction in the culture. The effect is then exhausted and 
stimulation ceases. The effect is purely that of providing the or¬ 
ganisms with a better medium than is afforded by Ashby medium. 

Itano (1923) and Sanborn (1926) disregard the significance of 
the food substances other than vitamin B in the concentrate. 
Itano states that fraction 2 contains 7.5 per cent nitrogen, the 
same as found by us but we cannot agree that this quantity is 
insignificant, since in a 1:10,000 concentration there would be 
present in 100 cc. of the medium used 0.75 mgm. of nitrogen.^ 
Assuming a bacterial cell to be 85 per cent water and 15 per cent 
solid matter, 90 per cent of the solid matter to be protein, and 
16 per cent of protein to be nitrogen, 0.75 mgm. of nitrogen 
would suffice for approximately 17 billions of bacteria of average 
size and weight (0,000,000,002 mgm.) if all the nitrogen were 
available for cell synthesis. 

To test this assumption Bacterium coli was inoculated into a 
medium consisting of Harris vitamin B concentrate and dis¬ 
tilled water, and into the same medium to which had been added 
1 per cent glucose as a source of energy, and 0.2 per cent dipotas¬ 
sium phosphate. That vitamin B concentrate supplies all the 
elemental and energy needs of an organism is obvious from 

^ Ita&o states that in a 1:10,000 concentration of vitamin B concentrate which 
was used by him in 100 co. quantities of medium there would be present 
• 0075 mgm* of nitrogen. This is apparently an erroneous conclusion. 
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table 2. In a medium consisting only of 1:10,000 concentration 
of vitamin B concentrate Bad. coli was afforded all the elemental 
matter and energy requisite for the development of at least 40 
millions of bacteria per cubic centimeter. If a source of energy 
were supplied as is the case in experiments using Ashby’s medium 
at least 63 millions of bacteria per cubic centimeter developed. 
Itano and Sanborn disregard the effect of that part of the concen¬ 
trate other than vitamin B and comprising the great bulk of i^e 
material and ascribe the stimulation to vitamin B. 


TABLE 3 

Multiplication of Bacterium coli in medium containing vitamin B concentrate a$ 

source of nutriment 


FLABK NUMBS B 

MEDIUM 1 PBRCBNT DSXTBOftS, 

0.2 PER CENT KtHP04 PLUS 

OBOANIEMB AFTER HOURS AT 25^*0. 
(MILLIONS PER CUBIC CENTIMETER) 


CONCENTRATE 

0 hours 

24 hours 

4S hours 

1 

1:1,000 

0.25 

35.0 

740 

2 

1:10,000 

0.26 

13.0 

63 

3 

1:100,000 

0.24 

4.0 

18 

4 

1:1,000,000 

0.25 

1.1 

3 

5 

1:1,000 concentrate, as sole 
medium 

0.29 

27 

480 

6 

1:10,000 concentrate as sole 
medium 

0.27 

11.0 

40 

7 

1:100,000 concentrate as 
sole medium 

0.26 

0.3 

11.0 

8 

1:1,000,000 concentrate as 
sole medium 

0.24 

0.03 

0.2 

9 

Distilled water only 

0.27 

0.20 

0.2 


Inasmuch as vitamin B is soluble in alcohol, if the vitamin 
itself is effective in stimulating growth, a very small quantity of 
an alcoholic extract of the concentrate should be adequate to 
demonstrate the effect. The following experiments reveal no 
vitamin stimulation when such extracts were substituted for 
aqueous solutions of the vitamin B concentrate. 

A weighed quantity of concentrate was continuously extracted 
with hot 95 per cent alcohol for twenty-foxur hours when the 
alcohol was evaporated in vacuo untU 0.1 cc. represented the 
extract from 0.01 gram of concentrate. This material contained 
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small amoimts of alcohol soluble nitrogenous compoimds, approxi¬ 
mately 0.1 mgm. per 0.1 cc. of extract which represented 0.01 
gram of concentrate. This quantity when added to a liter of 
medium represented a concentration of 1:10,000 of concentrate. 
No stimulation due to food substance was detectable in this 
concentration. It is obvious from the curves and table 1 that no 
stimulation ascribable to vitamins was present. It is reasonable 
to expect a vitamin effect to be apparent under these conditions 
if such an effect exists. 

Furthermore, it is reasonable to expect, if vitamin exerts 
no stimulation of bacterial multiplication, that alcohol extracted 
concentrate would exert the same type of stimulation as that 
observed in the case of imextracted concentrate. It is possible 
that the alcohol used in extracting would remove desirable pro¬ 
teins, carbohydrates or other substances along with vitamin B. 
A very small quantity of material is removed but this removal 
did not detectably influence the results of the experiments. 
When comparing the extracted and unextracted material, the 
nitrogen contents were made equivalent. This required 0.0125 
gram of extracted per 0.01 gram of unextracted material. 

In table 1 is shown the stimulation resulting from the addition 
of vitamin concentrate continuously extracted for three weeks 
with hot 95 per cent alcohol. The same stimulation occurs as 
with the imextracted concentrate. 

Waksman and Skinner (1926) have recently demonstrated the 
stimulation afforded to cellulose fermenters by the addition of 
available nitrogen to the medium. They found that the amount 
of cellulose which is decomposed in the soil under aerobic condi¬ 
tions is dependent upon the amount of available nitrogen and that 
aerobic decomposition of cellulose sets in very early if available 
nitrogm is present. Niklewski (1912), Charpentier (1921), 
Barthel and Bengston (1924) and Waksman and Heukelekian 
(1924), all found that the decomposition of cellulose in the soil is 
largely controlled by the amount of available nitrogen. Sanborn 
(1926) apparently ignored the influence of the nitrogen present 
in the vitamin B concentrate and has failed to differentiate 
between such a purely nutritional stimulation due to the presence 
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of essential elements or source of energy in a readily available 
form and a vitamin stimulation which would effect a continuously 
greater rate of reproduction than occiu’s in the controls. He did 
not determine rates of reproduction, but used bacterial coxmts to 
indicate rate, a procedure which has been shown not to be justi¬ 
fied since the initial number of bacteria present, or present soon 
after as the result of an initial and temporarily more favorable 
medium, determines the numbers present at a later stage. 

There can be only one possible stimulation of bacterial repro¬ 
duction by vitamin B and that is a stimulation due to the vitamin 
B synthesized by the organism itself and such a stimulation 
would not be apparent in any of the experiments discussed above, 
since the controls themselves would be subject to the same effect. 

In fact both the above organisms do elaborate vitamin B (un¬ 
published results) and any determination of a vitamin B stimula¬ 
tion would be rendered rather hazardous by this fact. 

CONCLUSIONS 

1. The addition of vitamin B to Ashby medium exerts no 
stimulation of the rate of reproduction of Azotobacter chroococcum 
or Rhinobium kguminosarum. 

2. The addition of vitamin B concentrate (Harris) to Ashby 
medium stimulates the rate of multiplication of Azotohacter 
chroococcum and Rhizobium leguminosarum, as the result of 
adding readily available nutrients other than vitamin B (i.e., 
nitrogen or source of energy). The purely nutritive effect has 
been confused with a vitamin effect. 

3. Until further knowledge is at hand, the meaning of the 
term vitamin should be restricted to those substances not carbo¬ 
hydrates, proteins, fats or minerals essential to the growth and re¬ 
production of suitable animals. The term cannot at present be 
justifiably extended to include substances necessary for the 
growth and reproduction of microorganisms and certainly not to 
indicate any substance serving to stimulate the growth or 
reproduction of microorganisms. 
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The researches reported in this paper were stimulated by the 
anomalous behavior met with on the part of certain Gram-posi¬ 
tive organisms during the course of a series of investigations on 
the mechanism of dye bacteriostasis. The data presented were 
assembled to determine whether variation in Gram character is 
accompanied by, and thus implies, corresponding variation in 
isoelectric range, and also corresponding variation in resistance 
to gentian violet when used in nutrient media, or not. 

In an investigation previously reported (Steam and Steam, 
1926) it was found that the static action of dyes on bacteria could 
be explained on the assumption of the formation of an equilibrated 
dye-bacterial compound which behaved as one would exj)ect an 
“ionic" or “salt” type of compound to behave. A basic dye was 
more effective as alkalinity was increased while the opposite was 
true for acid dyes. Moreover the equilibrated condition was 
demonstrated by showing the reversibility of the static action. 
This was demonstrated by culturing under conditions of dye 
concentration and pH which just inhibited growth of the organism 
for ninety-six hours, and then, in case of a basic dye, merely de¬ 
creasing the pH, keeping all other factors constant, and remaining 
always within the pH range of growth for the particular organism 
being studied. After such a pH shift growth was obtained. 

In all cases of Gram-negative organisms studied perfectly 

^ Tbe abstract of a thesis submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in the University of Missouri. 
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regular results were obtained without exception. In several 
cases, with Gram-positive organisms, unexpected results were 
obtained. These are shown in table 1 and indicated by the 
asterisks. This table gives results of incubation after inoculation 
with the indicated organism into a 0.2 per cent lactose broth, and 
adjustment to the pH indicated by means of phosphate buffers. 


TABLE 1 



QKNTIAN 

YIOliKT 

DXLXH'IOK 

pH 5.9 

pH 6.9 

pH 7.1 


Slreptococcua hemolyticus 
(limiting pH range 5.5 ^ 
to 8.0) 

4,000,000 

3,000,000 

2,000,000 

1,000,000 

+ 

+• 


■ 

72-hour 

results 



pH 6.0 

pH 7.0 

pH 7.6 


Staphylococcus pyogenes [ 

3,000,000 

+ 

H 

H 

72-hour 

aureus (limiting pH s 

2,000,000 

- 



results 

range 5.6 to 8.1) [ 

1,000,000 

+* 

B 

B 




pH 5.2 

pH 6.2 

pH 7.2 



4,000,000 

+ 

+ 

— 

24-hour 

Bacillus cereus 

^,000,000 


+* 

— 

results 


1,000,000 

— 

— 

— 




pH 6.0 

pH 6.6 

pH 7.0 


Bacillus svbtilis (limiting 

4,000,000 

H 

■■ 


48-hour 

pH range 4.5 to 8.5) 

3,000,000 




results 


2,000,000 

IBI 

+• 

B 



The media contained varying concentrations of gentian violet as 
shown. 

It will be noted that in the cases indicated by the asterisk 
growth was obtained in an enviromnent in which, from the gen¬ 
eral behavior shown by the table, one would not expect it. Ex¬ 
amination of the cultures from each of the tubes exhibiting the 
unexpected behavior revealed the presence of both Gram-nega¬ 
tive and Gram-positive organisms, in place of the purely positive 
strains with which the work had been started. Smears made 
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from subcultures taken from these tubes gave the same mixed 
picture. 

The present communication embodies the report of a study of 
these variants. The scope of the study may be briefly outlined 
as follows: 

1. Attempts to obtain pure Gram-negative strains (a) by mechani¬ 

cal selection, (&) by continued subculturing in acid and alkaline 
media. 

2. Investigation of the persistence of the change in Gram character. 

3. Investigation of the accompanying change in dye sensitivity. 

4. Investigation of the accompanying change in isoelectric range. 

EXPERIMENTAL 

Extensive work was confined to those cultures of Staphylococcus 
pyogenes-aurem, Bacillus cereus and Bacillus subtilis obtained 
from the tubes whose cultures had so definitely shown a tendency 
to vary from the usual reaction. The Staphylococcus pyogenes- 
aureus came from the infected lip of a patient in the Pasadena 
Hospital. The cultures of Bacillus cereus and Bacillus subtilis 
came from the Natural History Museum, Washington, D. C. 

A strain of Streptococcus hemolyticus was isolated in pure cul¬ 
ture from the spinal fluid of a meningitis patient in the Pasadena 
Hospital. The work with the variant from this strain showed a 
behavior paralleling that of the other strains as far as it was 
carried. 


1. Attempts to produce a pure negative strain 

The general procedure consisted in streaking the culture from 
acid and alkaline broth, the pH of which was adjusted by means 
of phosphate buffers, to plain agar. After twenty-four hours 
incubation, colonies were examined by means of fixed smears, 
and stained by the clasdc Gram technique. The colonies show¬ 
ing the greatest preponderance of Gram-negative organisms were 
transferred to 0.2 per cent lactose broth adjusted to a pH of 5.2, 
and those showing a preponderance of Gram-positive organisms 
were transferred to broth adjusted to a pH of 7.8 to 8.0 These 
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resulting cultures were again streaked to plain neutral agar and 
the same process of mechanical selection and subculturing into 
acid and alkaline media repeated. 

The results obtained from the daily examination of a large 
niunber of the isolated colonies on twenty-four-hour plates, 
streaked from the variant of Staphylococcus pyogenes-aureus, are 
given in table 2. 


TABLE 2 


DAT 

NmiBXR or 

COLOKIXB j 

XZAMIKXD 

NUMBER or 
COLONnSS j 

MIXED 

HUMBER or 
COLONIES 
MOBTLT BLUB 

NUMBER or 
COLONIES 
MOSTLY BED 

1 

26 

19 

3 

4 

2 

20 

14 

6 

— 

3 

25 

22 

3 

— 

4 

26 

24 

2 

— 

5 

26 

24 

2 

— 

6 

25 

23 

— 

2 

7 

22 

16 

3 

3 

8 

39 

28 

10 

1 

9 

20 

15 

5 

— 

10 

43 • 

29 

6 

8 

11 

54 

34 

20 


12 

77 

70 

4 

3 

13 

67 • 

61 

1 

5 

14 

72 

58 

3 

11 

15 

73 

61 

4 

8 

16 

75 

71 

1 

3 

17 

15 

15 

— 

— 

Totals. 

705 

584 

73 

48 


The part of the colony taken for making the smear did not seem 
to aSect the relative munber of red and blue cocci. 

In general, pure mechanical selection did not seem to increase 
significantly the preponderance of Gram-negative organisms. 

Incubating in media of a comparatively low pH for long periods 
of tune did, however, in case of all three oi^anisms give a product 
which, though still mixed, was not more than 50 per cent Gram- 
positive. No cases of pure negative smears were noted. 

The change in staining character, as a statistical change, is 
extremely slow. All three of the organisms studied gave smears 
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of the or^iiial variant which were preponderantly Gram-positive. 
It was only after months of subculturing at a low pH that a strain 
statistically equal in positive and negative and individuals could 
be obtained. The change is a reversible one, but it is significant 
to note that reversion is as slow and as difficult of accomplishment 
as the original change. The strain of Bacillus cereus, after it had 
been cultured for months at a low pH and was yielding smears 
with about the same number of negative as of positive organisms, 
was then cultured in broth at a higher pH. Even after three 
months of such culturing smears still showed Gram-negative or¬ 
ganisms, though finally to an extent much less than when the 
culturing at the higher pH was begun. 

It should be stated that on the same slide with the smears of 
variant under examination there was also placed a smear of the 
original purely Gram-positive organism which had been main¬ 
tained at a high pH. This insured identical treatment of the two 
smears in the staining technique and permitted comparison of 
the variant with the orthodox strain. This latter retained its 
pure Gram-positive character throughout the course of the work. 

The slowness of the reversion of the variant, as well as the fact 
of mixed strains, seems to the authors to constitute fairly definite 
proof that the Gram reaction of an organism does.not depend 
exclusively, or even primarily, on the surface condition of the 
organism, but is due to characteristics more fundamental. These 
have been fully discussed previously (Steam and Steam, 1924 a 
and b). 

To meet possible objections that mixed smears might be due 
to mixed or impure cultures, a large number of single cell cultures 
were obtained, using a modification of Orskov’s method (1922). 
These cultures, in all cases showed the same mixed character as 
did the cultures from which they were obtained. It should also 
be remarked that a control culture of the Gram-negative organism, 
Bacillus coU, was “carried along” through similar procedures for 
long periods of time, but in no case was any chaise in Gram 
character noted. In no cases was a mixed smear obtained even 
after long culturing at a high pH. 
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TABLE 3 
BacillvA cereiu 
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TABLE 4 


Bacillus svbtilis 


DILUTION OF 
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TARIANT, SHOWING ABOUT 50 PUB CBNT 
GRAM-NEGATIVE RODS 

ORIGINAL STRAIN SHOWING A PURB 
ORAM-POSrriVB SMEAR 

pH 5.2 

pH 6.2 

pH 7.7 

pH 5.2 

pH 6.2 

pH 7.7 

1,000,000 1 

1 1 1 

1 1 1 

i 1 1 

— 

— 

- 

f 

+ 

+ 



mmm 


2,000,000 ^ 

+ 

4 

— 

! 

— 

— 

i 

+ 

4 

— 

— 

— 

— 

f 

+ 

4 

+ 


— 


4,000,000 \ 

+ 

4 

+ 

+ 

+ 


1 

+ 

4 

+ 

+ 

+ 

— 



+ 

i 

+ 

+ 

+ 


6,000,000 - 

+ 

+ 

+ 

+ 

+ 

1 4 


+ 

+ 

+ 


+ 

1 ^ 


Results are given for twenty-four, forty-eight and seventy-two hours 
incubation. 




























DYE SENSITIVITY AND GRAM CHARACTER 


355 


Vanation in sensitivity to dyes 

Two distinct series of experiments were carried out. The first 
was by means of direct transfer from colonies on agar showing 
a tendency toward Gram-negativeness, and the other was by the 
transfer of two drops of a twenty-four-hour acid and alkaline broth 
culture, each into sterile distilled water. These tubes were thor¬ 
oughly shaken and allowed to stand for ten minutes after which 
one drop was inoculated into 0.5 per cent lactose gentian violet 
broth. The variant which had been cultured at low pH and that 
which had been cultured at high pH were always run parallel, 
using identical media. 


TABLE t 

Staphylococcus pyogenes-aureus 


DILUTION or 
QBNTIAN YIOIJBT 

VABIANT, BHOWINO ABOUT 50 PSR CENT 
GRAM NEGATtVB RODS 

ORIGINAL STRAIN SHOWING A PURB 
ORAM-POSrriVB smbar 

1 

pH 6.0 

pH 7.0 

pH 7.7 

pH 6.0 

pH 7.0 

pH 7.7 


-f 



_ 



3 , 000,000 



— 

+ 


- 




+ 

+ 

4 - 

— 


Results are given for seventy-two hours incubation. 


Tables 3 and 4 give the results of one typical experiment on two 
of the three organisms studied. In both cases the variant came 
from a single cell culture. Comparison is made with the non¬ 
variant strain kept continuously at a high pH. These tables 
show the decrease in sensitivity to dye paralleling the partial loss 
of Gram-positiveness. This difference in sensitivity to gentian 
violet on the part of the two strains of the same organism was 
repeatedly confirmed. 

In the case of the results given in table 5 for Staphylococcus 
pyogenes-aureus, the sensitivity of the variant is compared with 
t^t found for the original strain at the beginning of the work. 
Results are given for seventy-two hours incubation. 
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Fio. 1. Showing the Shift in Isoelectric Range Paralleling the Change in 
Gram Character and in Sensitivity to Gentian Violet 

The broken line {i:ives the behavior of the variant, the continuous line that of 
the original strain. Abscissae give pH values while ordinates represent intensity 
of retained color, after decolorizing with acetone, on an arbitrary comparative 
scale. For the experimental method of determining these curves see Steam and 
Steam, 1924a. 
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S. Changes in isoelectric range 

The character most important in determining whether or not 
gentian violet is strongly retained by an organism has been shown 
by Steam and Steam (1925) to be the specific acidity of the or¬ 
ganism. By this is meant its tendency to combine with basic 
substances such as gentian violet. The organisms most strongly 
Gram positive are most acidic in nature. The amphoteric nature 
of bacteria has also been demonstrated by the authors (Steam 
and Steam, 1923), and it has been shown that the isoelectric 
range is a measure of the acidic strength of bacteria. The more 
strongly acidic an organism is, the lower is the pH of the isoelectric 
range. One might expect, then, with loss of Gram positiveness, 
a corresponding shift of isoelectric range to a higher pH. 

The isoelectric ranges of Bacillus cereus and Bacillus subtilis 
were determined for the original strains and for the variants. 
The results are given graphically in figure 1. In both cases a 
distinct shift is noted in the isoelectric range toward a higher pH. 

DISCUSSION 

One of the outstanding questions arising from the experimental 
work presented in this paper is whether the varation of strains, 
discovered in the cases of the Gram-positive organisms growing 
under adverse environmental conditions, is due to the purely 
chance presence of an already largely adapted variant which will 
develop more rapidly and prolifically than its less fortunate 
brothers and thus tend to breed a more resistant strain by selec¬ 
tion, or whether, as one approaches a limit in imposing adverse 
environmental conditions on a growing organism, one reaches a 
fairly definite point on the one side of which no growth takes 
place but on the other side of which there is a gradual tendency 
toward adaptation on the part of the majority of the organisms 
present. Such a question is not easy to answer and will probably 
form the basis for considerable future experimentation. 

The study of variation by watching the change in Gram char¬ 
acter, though interesting and important in itself, will probably 
appear at first sight as a comparatively trivial matter and one 
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of limited importance. Such, however, will be by no means the 
case when it is shown that the Gram reaction need not be con¬ 
fined to an arbitrary classification of organisms, but that, in the 
case of any individxial species, variation in Gram character is 
paralleled by, and is thus a reflection of, variation in sensitivity 
to dyes. That Gram-positive organisms are, on the whole, more 
sensitive to basic dyes than Gram-negative ones is generally 
known. The experimental evidence presented in this paper goes 
farther, however, and shows that, in the case of the same species 
of organism, loss in Gram-positiveness is accompanied by de¬ 
creased sensitiveness to the basic dye gentian violet. 

Regardless of the reason for the first appearance of the variant 
strains, two facts are of note as brought out in this study. 

1. After its original appearance, the variant persists even after 
long subculturing under conditions favorable to the “orthodox” 
strain. 

2. It has been found impossible to obtain a culture in which 
all of the organisms are individually variant, though attempts to 
obtain such a culture were made both by mechanical selection 
and by long continued subculturing tmder adverse environmental 
conditions such as at a low pH. 

Reference to table 2 shows that, out of over 700 colonies ex¬ 
amined, about 83 per cent were mixed colonies in which neither 
Gram-positive nor Gram-negative organisms predominated to any 
considerable degree, about 10 per cent were mostly Gram-positive 
while about 7 per cent gave almost pure smears of the Gram¬ 
negative variant. 

Regarding the first of the two facts given above, it should be 
stated, to avoid misconceptioR, that the statistical persistence of 
the variant strain is definitely dependent on its environmental 
conditions. Under proper conditions, there is a tendency to an 
extremely slow reversion to the original strain, i.e., when culturing 
conditions favorable for the development of the original strain 
are used. In this work, however, though such a tendency was 
clearly indicated, complete reversion was never obtained. 

Another significant fact brought out in this study is that the 
formation of these chance variants has occurred, in our experi- 
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ments, only in the case of Gram-positive organisms. No cas^ of 
a chance alteration of a Gram-negative to a Gram-positive or¬ 
ganism have been noted. Such a change is fundamentally dif¬ 
ferent, however, from the change—Gram-positive to Gram¬ 
negative. In the latter case there is the loss of a character—the 
retaining power for gentian violet. It is more or less absurd to 
speak of the loss of negativeness. The change, negative to posi¬ 
tive, entails not the loss but the acquisition of a character—the 
retaining power for gentian violet—and one might well expect 
chance loss of positiveness to appear much more frequently in the 
case of a typical Gram-positive organism than the acquisition of 
positiveness by a typical negative organism. The latter change 
may possibly be induced, but it would be a matter of forcing the 
character onto the organism and the methods would be, in general, 
more rigorous. 

Churchman (1921), though he was unable to train Bacillus 
subtilis to grow in the presence of gentian violet, did succeed in 
obtaining a strain of Bacterium coli whose sensitiveness to gentian 
violet was markedly increased over that of ordinary cultures. 
This was accomplished, not by special treatment of the original 
culture, but by a technique of selection in which increasingly 
dilute suspensions were streaked on divided agar plates until 
finally growth occurred only on the side of the plate free from 
gentian violet. The results are explained by Churchman as due 
to the fact that only a comparatively small proportion of the 
organisms in any strain of Bacterium coli will grow in the presence 
of the dye, but that with heavy inoculations there are enough 
of those which will grow to produce satisfactory growth. The 
“gentian violet positive” strain thus developed was stUl Gram¬ 
negative in reaction, and thus the conclusion was reached that 
“the factor which determines the reaction of an organism to the 
Gram process is not the same as the factor which determines its 
growth in the presence of gentian violet. ” No data as to con¬ 
centration of dye used nor pH of media are given in the report, 
so that critical interpretation of the results is impossible. 

In the attempts to acclimatize Bacillus subtilis to gentian violet 
it was reported that in some of the tubes in which there was a 
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concentration of dye 1:1,000,000 there were a "few organisms” 
developed. No report of the Gram character of these "individual 
cases” is given, though it is possible that had they been examined, 
it would have been found that they contained both the Gram¬ 
positive and Gram-negative organisms in the same way that those 
seemingly chance “individual cases” reported in this study did, 
and which in the present case furnished the starting point for the 
work on the Gram-positive organisms. 

If Churchman’s explanation of the development of a gentian 
violet positive strain of Bacterium coli is valid, his results furnish 
some basis for the idea that, in the appearance of these variant 
strains, we are dealing with variants already present in any cul¬ 
ture, and which require only an environment which, though ad¬ 
verse to the cultiu*e as a whole, still permits them to multiply so 
that we have a partially selective growth. 

The results, however, certainly do not warrant any definite 
conclusion that the factor which determines Gram character is 
not the same as that which determines sensitiveness to gentian 
violet. The comparatively large amount of s 3 rstematic work done 
by the present authors in their various studies in which determin¬ 
ing factors were discovered and definitely controlled indicates 
a close parallel between Gram character and sensitiveness to basic 
dye. The apparent contradiction to this idea in the work of 
Churchman reviewed here is one of degree only. Gram-positive 
organisms may lose the retaining power for gentian violet, and, 
though their sendtiveness to this dye is noticably decreased, 
paralleling this loss, they are even yet more sensitive than ordi¬ 
nary typical Gram-negative strains. The Gram technique is a 
rather crude and rigorous procedure from the point of view of a 
live organism, and one might well expect slight increases in re¬ 
taining power for gentian violet to be sufficient seriously to affect 
the viability of a growing culture, even though they were so small 
that, with such vigorous decolorizing as given in the gram tech¬ 
nique, no difference could be noted—^using such crude methods as 
visual observation and evaa cloudily this observation with a 
strong counterstain. Gram negative organisms which counter- 
stain to a brilliant red with the proper dye might, and crften would, 
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appear far from completely decolorized if no coimterstain were 
used; the phenomenon is one of gradation in effect. 

From this more general point of view it may well be expected 
that an organism may become distinctly more sensitive to gentian 
violet but still be classified as Gram-negative, while another or¬ 
ganism may lose its Gram-positiveness but still retain a fairly 
high sensitiveness to gentian violet. 

It should finally be pointed out that the experimental changes 
brought about in the variants as described in the foregoing paper 
were not brought about by acclimatization methods. The de¬ 
creased sensitivity to gentian violet on the part of the variants was 
not due to the acclimatizing effect of culturing for long periods 
of time in the presence of small amounts of the dye. The shift 
in isoelectric range, the change in Gram character and the de¬ 
creased sensitivity to gentian violet are all reflections of some more 
fundamental change which the organisms have undergone. 

SUMMARY 

1. Chance variants were discovered in several cases of strongly 
Gram-positive organisms growing under adverse environmental 
conditions. 

2. This variation has been shown to persist. 

3. It has not yet been found possible, either by mechanical 
selection, or by the modification of growth media either by exag¬ 
geration or modification of the adverse conditions, to isolate a 
pure strain of the variant. 

4. Experiments have been adduced to show that, though the 
or^nal variant seemed to be due to chance, any subsequent 
change in the strain is very gradual. By long subculturing imder 
a certain constant set of conditions the variant tendency may be 
greatly increased, while under another constant set of conditions 
a tendency to an extremely slow reversion to the original strain 
is noted. 

6. Loss of Gram-positiveness, i.e., decrease in affinity for basic 
dye, has been shown to parallel exactly the decrease in sensitive- 
neas to basic dye. 

6. Loss of Gram-positiveness has been shown to be accom- 
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panied by a definite shift in the isoelectric range of the organism. 
This shift is in the direction which one would expect from the 
study of the isoelectric ranges of the typical Gram-positive and 
Gram-negative organisms. 

7. All of the results obtained in this study are completely in 
accord with, and furnish confirmation of, the general theory of 
the Gram reaction and of dye bacteriostasis as developed during 
recent years by the author. 

In conclusion the author wishes to acknowledge her indebted¬ 
ness to Dr. M. P. Kavenel of the Department of Preventive 
Medicine of the University of Missouri, for the interest he has 
shown during the course of this work, and for assistance in the 
preparation of this manuscript. 
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INTRODUCTION 

During the past few years the bacterial content of ice cream 
has been given considerable attention by sanitary specialists, 
both from the qualitative and quantitative standpoints. Among 
the possible factors contributing to the bacterial content of ice 
cream is gelatin. The use of gelatin in ice cream at first met with 
strong opposition, due to a popular prejudice based on a mis¬ 
understanding of the sanitary quality of this animal product. 
Although this prejudice has been largely overcome, and gelatin 
is now almost universally used in the manufacture of ice cream, 
the idea still prevails in the minds of some that gelatin is a prolific 
source of contamination in the ice cream mix, and should be used 
as sparingly as the stability of the product will permit. 

In view of the small percentage of gelatin used in ice cream, it 
seemed illogical that it should be of serious consequence from the 
standpoint of bacterial numbers. Since most ice cream manu¬ 
facturers use only 0.5 per cent, or even less of gelatin in the 
mix, it would necessitate a very large number of organisms in 
the gelatin materially to increase the bacterial count of the mix. 
A brief review of the literature on the bacterial content of gelatin 
indicates the correctness of this assumption. 

REVIEW OP LITERATURE 

In 1912, Gordon reported the bacterial content of 20 samples 
of gelatin, varying between 200 and 30,000,000 per cubic centi- 

^ Contribution No. 87, from the Department of Bacteriology, and No. 68, from 
the Department of Dairy Husbandry. Agricultural Experiment Station, Kansas 
State .^ricultural College. 
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meter. Later, Bahlman (1914) examined 14 samples of gelatin for 
total numbers of bacteria and foimd them to contain from 300 to 
6,800,000 per cubic centimeter. Ayers (1914) predicted that a 
study of the bacteriology of gelatin would lead to a method of 
detecting gelatin of poor quality. Gordon (1915) recommended 
the addition of gelatin to ice cream mix, only after it has been 
dissolved in boiling water. He stated that gelatin added in this 
manner should not contain more than 1000 to 2000 bacteria per 
cubic centimeter. Hammer (1917) reported the analysis of five 
samples of gelatin, varying in bacterial content from 36 to 
113,000,000 per gram. Ellenberger (1919) found that by dis¬ 
solving gelatin in boiling water, the average bacterial content of 
15 samples was reduced from approximately 390,000 to 530 per 
gram. 

In 1920 the New York City Board of Health specified that 
gelatin which contained any bacteria of the colon group should 
be considered adulterated and could not be sold in the city. 
Hall and Houtz (1923) made a study of twelve different tests for 
quality in gelatin and concluded that only the bacteria coimt 
and the jelly strength test were necessary to determine the value 
of gelatin. Parfitt (1923a) found the total coimts on 15 samples 
to range between 100 and 60,000,000 bacteria per gram, and the 
colon counts between “less than 100” and 35,000,000 per gram. 

In discussing the various signs of low quality gelatin, Burke 
(1923) stated that bad gelatin, among other factors, was high in 
bacterial count. He submitted analyses ranging from 200,000 
to 9,000,000 bacteria per gram and stated that gelatin might add 
from 5000 to 500,000 bacteria per cubic centimeter to the mix. 
Parfitt (1923b) defined a good gelatin as one having, among other 
qxialities, a nearly neutral reaction, a low bacterial count (not to 
exceed 6000) and no B. coli types. 

The Oklahoma Experiment Station (1923-1924) conducted a 
study of approximately 200 samples of gelatin. The results of 
their work indicated that the high grades of gelatin were less 
soluble in water, had practically no odor, and a low bacterial 
conteat. Tracy in 1924, and also Brannon and Tracy (1025) 
reported a bacteriological study of 142 samples of gelaian. They 
found no relation between the cost of the gelatin and the quality 
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as evidenced by the bacterial count. Of the samples studied, 
8 per cent were sterile, 50 per cent contained less than 20,000 
bacteria per gram, and 31 per cent contained in excess of 1,000,000 
per gram. They concluded that the addition of gelatin to ice 
cream resulted in a very slight increase in the number of 
bacteria in the mix. Turnbow and Milner (1926) foimd that 
when gelatin was given the ordinary liquefying test, the high 
hydrogen-ion concentration of many gelatins prevented liquefying 
bacteria which were present from growing. By changing the pH 
of many gelatins, the presence of large numbers of gelatin lique¬ 
fying bacteria was revealed. Combs (1926) studied the relative 
value of various tests on gelatin and concluded that the bac¬ 
terial examination, the swelling property, the jelly strength, 
and the solubility were all important tests, and should be con¬ 
sidered in the selection of gelatin. Analyses of six samples varied 
between 300 and 13,500 bacteria per gram with an average of 
5160. 

Ambrose (1926) was of the opinion that a discussion of the 
different grades of gelatin should include a consideration of the 
bacterial content. His work indicates that the bacterial flora of 
gelatin is not, as a rule, made up of a very high per cent of heat 
resistant bacteria. One sample containing 5000 bacteria per 
gram was reduced to 800 by heating to 180°F. for five minutes; 
another was reduced from 6,100,000 to 250 per gram by heating 
to 140°P. for five minutes. Sommer (1927) regarded the “keeping 
test” of gelatin as of little value since it is more dependent on the 
acidity than on the actual bacterial content. This conclusion is 
substantiated by the conclusion of Turnbow and Milner pre¬ 
viously referred to. 


COLLECTION OF SAMPLES 

The work reported in this paper constitutes a summary of 146 
analyses of 50 samples of gelatin. In connection with an investi¬ 
gation of gelatin to be used in ice cream, a large number of sam¬ 
ples were available for bacterial analysis. Thirty-one different 
grades of gelatin, representing the product of eight gelatin manu¬ 
facturers were included in the samples analyzed. These were 
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obtained directly from the various companies. The rranaining 
samples were collected from barrels of gelatin in use in ice cream 
plants. 


BACTBBIOLOGICAL METHODS 

Sampling 

A 10-gram sample of dry gelatin was weighed on sterile paper 
and placed in a dilution blank, from which appropriate dilutions 
were made. In a few instances a 1-gram sample was accurately 
weighed on analytical balances for the sake of comparison with 
results obtained with 10-gram samples weighed on less sensitive 
torsion balances. The counts, represented the munber of bacteria 
per gram of gelatin. The dilution blanks were heated to 45 de¬ 
grees in order to facilitate solution of the gelatin. 

Plating 

The procedure recommended in the Standard Methods for 
Bacteriological Examination of Milk was followed in making all 
the determinations. The medium used was plain, beef extract 
agar with Difco peptone, prepared according to Standard 
Methods. The reaction*was adjusted to pH 7.0 

RESULTS 

In table 1 are recorded the bacterial coimts obtained on fifty 
samples of gelatin. 

An examination of table 1 will show that the bacterial counts 
in these fifty samples of gelatin varied from 10 to 108,000,000 
per gram, with an average of 12,738,800. The bacterial counts 
recorded in table 1 may be summarized as follows: 


Bucteria p§r gram 

14 per cent of the samples contained.less than 1,000, 

22 per cent of the samples contained....less than 10,000 

34 per cent of the samples contained.less than 100,000 

48 per cent of the samples contained.less than 1,000,000 

32 per cent of the samples contained.more than 10,000,000 

16 per cent of the samples contained.more than 35,000,000 
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Table 1 also shows the number of separate analyses made of each 
sample of gelatin. The counts reported are the average of all the 

TABLE 1 


The bacterial content of SO aamplea of gelatin and the calculated number of bacteria 
added to each gram of ice cream mix when 0.6 per cent of gelatin is used 
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analyses on the sample involved. In this table is also given the 
calculated number of organisms that each of these various sam¬ 
ples of gelatin would add to each gram of ice cream mix if used in 
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0.5 per cent quantities. For example, sample no. 50, contaii^g 
108,000,000 bacteria per gram of gelatin, would increase the bac¬ 
terial count of the raw ice cream mix 540,000 per gram if used in 
0.5 per cent amounts. 

The results shown in table 1 indicate that only in extreme cases 
would gelatin be an important source of contamination from the 
standpoint of total numbers of bacteria added to unpasteurized 
ice cream mix. On the other hand, the use of any one of the first 
26 samples reported in table 1 would increase the co\mt of the 
ice cream mix less than 10,000 per gram when used in 0.5 per cent 
quantities. 

A study of the records of bacterial counts on raw ice cream mix 
from analyses made at this station, covering a period of several 
years, shows that the counts ranged from 120,000 to 93,000,000 
per gram, with an average or 12,000,000 bacteria per gram. 
About half of the mixes analyzed contained in excess of 7,000,000 
bacteria per gram. Assuming 7,000,000 to be a representative 
coimt for raw ice cream mix, and the experimental error of the 
plate count to be 10 per cent, any gelatin containing less than 
140,000,000 bacteria per gram could be added to the mix in 0.5 
per cent amounts and the resulting increase in bacterial cormt 
would be within the linuts of the assumed error of the method. 
This would include all of the gelatins reported in this paper, and 
also all of the samples examined by Brannon and Tracy (1925). 

On the other hand, if the bacterial content of the raw mix is low, 
i.e., 500,000 per gram, gelatin might be a source of contamination 
worthy of consideration. The bacterial count of a raw ice cream 
mix origmally containing 500,000 bacteria per gram would be 
appreciably affected by any gelatin that added more than 50,000 
bacteria to each gram of mix. Reference to table 1 shows that 
by using 0.5 per cent of any of the last 16 samples of gelatin, the 
count of such a mix would probably be sufficiently affected to be 
detected by the plate method. On the same hypothesis, sample 
number 50 could be used in any mix containing more than 
5,400,000 per cubic centimeter without noticeably affecting the 
results of the plate count. If this assumption is correct, it could 
be used in over 85 per cent of the raw mixes studied at this station. 
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It appears from this discussion that the bacterial content of the 
average raw ice cream mix is so high that the contamination from 
gelatin would be rendered insignificant, except when very poor 
gelatin is used or when the bacterial content of the raw mix is 
imusually low. 


TABLE 2 

Effect of pasteurizing gelatin at for thirty minutes 


BACTBBIAL COUNT PBB ORAM 
BBFORE PASTEURIZATION 

BACTERIAL COUNT PER ORAM 
AFTER PASTEURIZATION 

PER CERT EFFICIENCT OF 
PASTEURIZATION 

40 

15 

62.5 

70 

5 

92.9 

120 

120 

0.0 

130 

60 

53.9 

240 

220 

8.4 

270 

210 

22.3 

380 

270 

29.0 

1,310 

1,300 

0.8 

2,890 

1,160 

59.9 

2,950 

75 

97.6 

4,600 

360 

92.4 

6,460 

120 

97.8 

34,000 

2,300 

93.3 

48,000 

150 

99.7 

72,500 

4,900 

93.3 

147,000 

62,000 

67.9 

278,000 

1,270 

99.6 

293,000 

4,900 

98.4 

365,000 

330 

99.9 

385,000 

40 

99.9 

408,000 

2,200 

99.5 

5,268,000 

1,200 

99.9 

Average 332,588 

3,781 

98.87 


Effect of pasteurization 

The question immediately arises as to whether an increase in the 
bacterial count of a raw mix, resulting from the use of poor gelatin 
would be of any consequence in a pasteurized mix. Obviously, 
this depends on the per cent of the bacteria in gelatin which will 
resist the pasteurizing temperature. 

In practice some ice cream makers dissolve the gelatin in hot 
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water and add it after the mix has been pasteurized; others add 
the gelatin directly to the mix before pasteurization. Ellen- 
berger (1919) showed that by dissolving gelatin in hot water (160® 
to 170°F.) the average count of 15 samples of gelatin was reduced 
from 388,162 to 1172 bacteria per gram or a reduction of 99.7 per 
cent. 

In table 2 are shown the bacterial counts on 22 samples of gela¬ 
tin before and after pasteurization at 146°F. for thirty minutes. 
(The 22 samples included in this experiment are not represented in 
table 1.) It will be noted that the eflSciency of pasteurization 
varies from 0 to 99.9 per cent, and that for the entire 22 samples, 
98.87 per cent of the bacteria were destroyed. Attention is also 
called to the fact that, with one exception, in aU of the samples 
containing more than 3000 bacteria per gram, more than 90 per 
cent of the organisms were killed by pastemization. Those 
samples which exhibited a bacterial flora very resistant to heat 
had relatively few bacteria to begin with, and therefore, would 
not offer a serious source of contamination to ice cream even if 
they all survived. The largest number of bacteria to survive 
pasteurization in any of the 22 samples was 62,000 per gram. 

The results in table 2 indicate that if gelatin is pasteurized with 
the other ingredients of the mix, a sufficiently large per cent 
of the bacteria will be killed to render it a negligible source of 
contamination. If the average per cent efficiency of pasteur¬ 
ization obtained with these 22 samples (98.87) were obtained 
with a sample containing 108,000,000 per gram (sample No. 50) 
there would remain only, 1,220,000 bacteria per gram; this would 
increase the coimt of each gram of ice cream mix, 6100 if 0.5 per 
cent were used. It is probable that some gelatins containing 
large numbers of organisms might have a bacterial flora of heat 
resistant types. Such a gelatin would be an important source of 
contamination even if pasteurized. No such gelatin, however 
was encountered in the 22 samples herein reported. 

Bacterial flora of gelatin 

Table 3 shows the results of differential counts of eight sam¬ 
ples of gelatin. The total count, the per cent of acid forming 
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types, acid and gas forming types, liquefying types, and neutral 
types were determined. The differentiation of the types of bac¬ 
teria was made on a basis of their action on lactose and on gelatin. 
The acid forming types, and the acid and gas forming types were 
determined by serial dilution in Durham lactose fermentation 
tubes, containing brom-thymol-blue as an indicator. The 
highest dilution showing acid was recorded as the number of acid 
formers, and the highest dilution showing gas was recorded as 
ttie number of acid and gas formers. The liquefying types were 
determined by serial dilution in tubes of nutrient gelatin. The 
highest dilution which failed to solidify in ice water, after incubar 


TABLE 3 

The per cent of various types of organisms found in 8 samples of gelatin 


BAMPLl 

NUMBER 

TOTAL COUNT— 
TOTAL NUMBER OF 
BACTERIA BT 
PLATE METHOD 

PER CENT OF 



Gelatin 

liquefying 

types 

Neutral 

types 



per cent 

per cent 

percent 

percent 

1 

515,000 


2.0 

0.0019 

79.0 

2 

3,445,000 


1.0 

0 

mmm 

3 

2,800,000 

9.0 

4.0 

0 


4 

2,500,000 

0.02 

0.02 

0.04 

99.0 

5 

1,000,000 

10.0 

10.0 

0 

80.0 

6 

380,000 

1.0 

0.3 

0.02 

98.0 

7 

586,000 

9.0 

2.0 

0.0 

89.0 

8 

890,000 

1.0 

1.0 

0.0 

98.0 


tion for forty-eight hours at 37°C., was recorded as the number of 
liquefying types. The neutral types were determined by sub¬ 
tracting from the total count the sum of the other types. There 
is, obviously, a large per cent of error in any serial dilution method, 
but it may serve to throw some light on the relative per cent of 
various types of bacteria present. 

It will be noted in table 3 that there was a very small per cent 
of liquefying types of bacteria present in the eight samples ana¬ 
lyzed; five of them contained no liquefying types. The acid 
formers ranged from less than 1 to 19 per cent, and the acid and 
gas formers varied between 0.02 and 3.0 per cent of the bacterial 
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flora. The majority of the bacteria in these samples of gelatin 
had no action on lactose or gelatin and were classed as neutral 
types. 

Variation in bacterial counts of gelatin 

Considerable variation was noted in results when several 
separate analyses were made of the same sample of gelatin. 
Even though great care was used to make duplicate determina¬ 
tions as nearly identical as possible, widely varying coimts were 
frequently obtained. The same discrepancies are noted in mak¬ 
ing quantitative determinations of soil, manure, etc. Such varia¬ 
tions are probably due, in part, to the inclusion in certain weigh¬ 
ings, of masses of material (soil, manure, or gelatin) containing 
excessive numbers of organisms. 

In order to show the degree of variation to be expected in 
bacterial counts on gelatin, 100 plates were poured from a single 
sample of gelatin. Five 10-gram samples were weighed on tor¬ 
sion balances and placed in warm 90 cc. sterile dilution blanks. 
From each of these, dilutions of 1:1000 were made and ten plates 
were poured from each, making a total of 50 plates. In addi¬ 
tion, five 1-gram samples were weighed accurately on analytical 
balances and placed in "Warm 99 cc. sterile dilution blanks. From 
each of these, 1:1000 dilutions were prepared and ten plates 
poured from each as before. There were, therefore, ten series of 
ten plates each, 50 of which were from 10-gram samples weighed 
on ordinary balances, and 50 from 1-gram samples, more accu¬ 
rately weighed on analytical balances. 

In table 4 the degree of variation is expressed in terms of the 
probable error of single and duplicate plates. It will be seen 
that the average of 100 plates is 357,690 bacteria per gram. For 
convenience of interpretation this will be arbitrarily assumed 
to represent the “true count,” since it was obtained by averaging 
more plates than would ordinarily be made on a single sample. 
The probable error of a single plate in this series of variates is 
±38,561 or 10.7 per cent of the “true count.” This means that 
there is a fifty-fifty chance that any single plate made on this 
sample of gelatin would yield results between the limi ts 357,690 
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±38,651 (319,129-396,251). In other words, there is a fifty- 
fifty chance that a single plate would give results within 10.7 per 
cent of the count which would have been obtained if 100 plates 
had been made instead of only one. If the average of duplicate 
plates is taken, then the probable error is shown to be ±27,267 or 
±6.2 per cent. There is an even chance that the average of 
duplicates would not deviate more than 6.2 per cent from the 
‘True coimt.” 


TABLE 4 

The variation in 100 plates on a single sample of gelatin 



mean count pbb obam 

I 

1 « 

* 8 S 

gsg 

At 

FBOBABUt BBBOR OF 
SINGLE PLATE, IN PBB 
CENT 

PBOBABLB BBBOB OF 
DUPLICATE PLATES, IN 
BACTERIA PER ORAM 

PBOBABLB ERROR OF 
DUPLICATE PLATES, IN 
PER CENT 

3.2 X PROBABLE ERROR 
OF DUPLICATE PLATES, 
IN BACTERIA PER GRAM 

gS 

aS 

ill 

"§s 

^8S 

eo 

First 50 plates, 10-gram 
samples weighed on tor¬ 
sion balances. 

■ 

±25,321 


±17,904 

±4.6 

±57,297 

±14.8 

Second 50 plates, l-gram 
samples weighed accu¬ 
rately on chemical 
balances. 

329,360 

±40,025 

±12.1 

±28,302 

±8.5 

±90,566 

±27.4 

Entire 100 plates com¬ 
bined. 

357,690 

±38,561 

±10.7 

±27,267 

±6.2 

±87,254 

±24.3 


Obviously, it is desirable to establish limits within which more 
than 50 per cent of the samples will fall. This may be done by 
multiplying the probable error by a factor, thereby widening the 
limits to include more than 50 per cent of the variates. Biome¬ 
tricians frequently use the factor 3.2 which includes approxi¬ 
mately 97 per cent of the variates. In other words, it establishes 
limits within which there is a 30 to 1 chance that the results of 
a determination will fall. In table 4 it will be noted that the 
probable error of duplicate plates multiplied by 3.2 gives the 
value ±87,254 or 24.3 per cent. That is to say, there is a fair 
degree of certainty (30 to 1 chance) that the average of duplicate 
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plates made from this gelatin will not fall outside the limits of 
357,690 ±87,254 (270,436-444,944). It is fairly safe, therefore, 
to assume that an average of dupUcate plates on this gelatin will 
not be more than 24.3 per cent from the mean. However, it is not 
to be imphed that the value 24.3 per cent may be applied to all 
bacterial cotmts on gelatin. This figure is strictly applicable only 
to this particular sample and the particular conditions under 
which the determinations were made. Although these figures 
cannot be applied too strictly, they may throw some light on the 
expected variation of a bacterial analysis of gelatin. 

It is of interest to note that the fifty plates made from 1-gram 
samples, weighed accurately on analytical balances, showed al¬ 
most twice as large a probable error as the plates from 10-gram 
samples weighed on torsion balances. The first series of 50 plates 
showed a probable error for single plates of ±6.5 per cent, whereas 
the second series, weighed more accurately in 1-gram samples, 
has a probable error of ±12.1 per cent. This apparent incon¬ 
sistency is believed to be as stated earher, due, in part at least, to 
the inclusion in some of the weighings and not in others of par¬ 
ticles containing excessive numbers of bacteria. Such discrep¬ 
ancies in a 1-gram sample would probably cause much greater 
variation than in a 10-gram sample, even though weighed on less 
accurate balances. Insufficient work has been done to state 
whether this condition would always obtain, but it is believed 
that the resxilts of this single experiment illustrate the necessity 
of using larger samples of gelatin in bacterial analysis. 

SUMMARY 

Bacterial counts are reported on 50 samples of gelatin. Thirty- 
one different grades of gelatin representing the products of eight 
gelatin manufacturers were analyzed. The remainder of the 
samples were obtained from ice cream plants and may have been 
duplicates of some of the grades obtained direct from the gelatin 
factories. 

The number of bacteria in these samples of gelatin is shown to 
vary from ten per gram to 108,000,000 per gram. From these 
data, calculations have been made, showing the number of organ- 
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isms which each sample of gelatin would add to a gram of ice 
cream mix if used in 0.5 per cent amounts. The increase in the 
bacterial count of ice cream mix which would result from the use 
of these gelatins is shown to vary from less than one organism 
per gram to 540,000 per gram. Gelatin, therefore, in extreme 
cases may be an important source of contamination of ice cream, 
but the use of the gelatin containing the highest count in this 
group of samples on a hypothetical basis, would not appreciably 
increase the plate count of 85 per cent of the raw mixes analyzed 
at this station during the past six years. Gelatin added to the 
mix after pasteurization, or poor quality gelatin added to a mix 
already low in bacterial count may result in a noticeable increase 
in the plate count. 

Twenty-two samples of gelatin were pasteurized at 145°F. 
for thirty minutes. The average reduction in count was 98.87 
per cent. W ith one exception, a reduction greater than 90 per 
cent was obtained with all samples containing more than 3000 
bacteria per gram. If the 22 samples pasteurized in this experi¬ 
ment are representative, gelatin is not likely to be a serious 
source of contamination when pasteurized with the other in¬ 
gredients of ice cream mix. 

The results of qualitative analyses of eight samples of gelatin 
show that the gelatin liquefiers varied from none to 0.04 per cent, 
and that the lactose-fermenting organisms constituted from one 
to 21 per cent of the flora. The neutral tjqies made up from 79 
to 99 per cent of the organisms found in the gelatin. 

The variation to be expected in bacterial analysis of gelatin is 
shown from calculations of the probable error of 100 plates made 
on the same sample. The probable error of the average of dupli¬ 
cate plates based on 10-gram samples was 4.6 per cent; based on a 
one gram sample, the probable error was 8.5 per cent of the mean 
count. 

If the samples included in this study represent a cross section 
of the gelatin available to the ice cream maker, the conclusion is 
warranted that gelatin pasteurized with the other ingredients of 
the mix, is a negligible source of bacteria in ice cream. 
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It has been observed by one of us (G. I. W.) when making the 
nitrate reduction test on bacterial cultures that there is sometimes 
a fading or disappearance of the red color of the positive test. The 
test used was the sulfanilic acid-alpharnaphthylamine method, 
according to the Manual of Methods of the Society of American 
Bacteriologists. In extreme cases the color appeared only at the 
point of contact of the incoming naphthylamine solution and the 
test broth. The question arose as to whether or not the test 
could properly be called positive and the following investigation 
was made to find the cause of, and if possible a remedy for, this 
fading. 

The fading was always noticed at a time when such organisms 
as Escherichia coli, Aerobacter aerogenes, Proteus vulgaris and the 
tjrphoid-paratyphoid group were being studied in the laboratory. 
Knowing that these organisms all produced more or less hydrogen 
sulfide, this compound was suspected as the bleaching agent. 
Accordingly a series of sixteen organisms were inoculated into 
lead acetate agar and nitrate broth tubes. Observations, after 
five days incubation, showed the following complete correlation 
between hydrogen sulfide production and the instability of the 
nitrite color (table 1). Where there was a very slight hydrogen 
sulfide production, the nitrite test color was permanent and where 
there was a large amount of hydrogen sulfide formed the nitrite 
test color faded immediately. 

It was also foimd by using a series of sodium sulfide dilutions 
to which equal amounts of nitrite had been added that there was 
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a marked weakening of the color (table 2). Hydrogen sulfide, 
however, simply prevents maximum color development, probably 
by destroying a part of the nitrous acid, but does not directly 
cause the fading under discussion. Since the nitrite color is due 
to the production of p-sulfo-benzene-azo-alpha-naphthylamine 
according to the equation: 


0 


+ HNO, + 


SOJH 



NH, 



SOJI NH, 


+ 2H,0 


It would be expected that a reducing agent would destroy the 
color by producing a corresponding hydrazo compound. This 
would be operative in alkaline solution, but not under the condi¬ 
tions of the test. 

Nevertheless, the correlation in table 1 shows hydrogen sul¬ 
fide to be a factor, even though it is not the direct cause. In 
order to eliminate its effect, two samples of peptone were secured^ 
which were devoid of cystine as shown by chemical analysis. 
Nitrate broth and lead acetate tubes were prepared with these 
peptones and the sam6 sixteen organisms were inoculated into 
them. After five days incubation, the nitrate broths were tested 
with the standard reagents and none showed color fading, al¬ 
though some of the nitrite tests were so strong that a brown pre¬ 
cipitate of the coloring matter soon developed. The lead acetate 
tubes were all negative. It was noted that with the strongly 
positive nitrite tests a single drop of naphthylamine solution gave 
a color which faded, but several additional drops produced a 
persistent color. This observation indicated that when a very 
small amount of the reagent was used the color faded; or, in other 
words, that in presence of a high concentration of nitrite the color 
fades. This view is borne out by the fact that where an ordinary 
nitrate broth tube shows fading, if a second tube of the same 
organism is diluted about one to five, thus diluting the nitrite 
formed, the second tube will not fade. These results all point to 

* We are indebted to the Illinois State Water Survey for these peptones. 
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the conclusion that, in the presence of hydrogen sulfide, such 
hi^ concentrations of nitrite are produced that the normal color 
Buffers complete destruction. 


TABLE 1 


Correlation between fading of nitrite color and hydrogen sulfide production 



NITRITE TEST 

TIME OF FADING 1 

HtS 

PRODUCTION 

1. Escherichia coli . 

1 minute 

4* 

2. Eberthella dysenteriae . 

Permanent color 

4“ V. si. 

3. Eberthella typhi . 

i minute 

4-+ 

4. Salmonella enteritidis . 

i minute 

+4-4- 

5. Salmonella pestis caviae . 

1 minute 

+++ 

6. Salmonella suipestifer . 

i minute 

4-4-+ 

7. Salmonella paratyphi . 

li minutes 

+ si. 

8. Salmonella schottmulleri . 

i minute 

H—h+ 

9. Salmonella anatum . 

i minute 

+ + + 

10. Salmonella pullerum . 

1 minute 

+ 

11. Aerobacier aerogenes . 

li minutes 

+ 

12, Proteus vulgaris . 

4 minute 

+ + + 

13. Alcaligines abortus . 

Permanent color 

+ V. si. 

14. Proteus Xl9. 

4 minute 

+++ 

15. Bacillus mesentericus . 

Permanent color 

+ V. si. 

16. Unknown spore former. 

2 minutes 

1 +8l. 


TABLE 2 

Effect of sodium sulfide on the nitrite color 


IflLLIOIULlM or H*S pm lit*r of solution 


0.0 
6.0 
9.6 
14.4 
19.2 
24 0 
28.9 
33.6 
38 5 


COLOR ZN 10 MINUTES AS A PBRCINTAOS 
OF THE CONTROL TUBE 


100 

95 

90 

85 

70 

50 

40 

20 

10 


Chemical tests have confirmed this and shown that an excess of 
of nitrous acid attacks the p-amino group of the coupled naphthyl- 
amine, the resulting diazonium salt breaking down with the for- 
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mation of the corresponding hydroxy-azo derivative; some further 
coupling may also occm. This view is supported by the fact 
that alpha-naphthol coupled with sulfanilic acid gives a brownish- 
yellow color strongly resembling the faded nitrite test. Spectro- 
photometrically the absorption maxima of the two solutions are 
coincident, though the faded nitrite test shows a slight secondary 
absorption attributable to the small additional coupling. Fur¬ 
thermore, fading in high nitrite concentrations was avoided by 
using naphthylamine in which the amino group had been pro¬ 
tected by forming the mono-acetyl derivative. Coupling is slow, 
however, so that this remedy is not practical. 

These facts suggest the use of some other compound for the 
coupling reaction. Of the common azo colors, the yellows and 
browns are unsuitable because they are difficult to detect in a 
normal yellow or brown nitrate broth. Dimethylaniline, how¬ 
ever, gives a red color (free acid of methyl orange) very similar 
to the standard test. It possesses the advantages of stability 
and of giving a color which cannot fade because the amino group 
is protected. However, it will not detect less than one part of 
nitrite nitrogen in fifty million and probably would not be accept¬ 
able for this reason. 

As the object of this investigation was to improve the test now 
in xise, nitrate tubes inoculated with the sixteen organisms were 
tested by other methods found in the literature. The Bismarck 
brown test as suggested by Griess (1878) and adapted by Preusse 
and Liemann (1878) does not contrast well with the normal color 
of the broth when only small amounts of nitrite are present. The 
Letts and Rea (1914) modification of the old Fresenius’ iodide- 
starch method would be satisfactory if the reagent had greater 
permanency. The neutral red test suggested by Rochaix (1909) 
produces a very distinctive color, but it fades too rapidly. The 
benzidine method of Armani and Barboni (1911) was not tried 
as its yellow color with small nitrite concentrations would be a 
distinct disadvantage. The old Riegler reagent (1897) is prob¬ 
ably not sensitive enough for general use, and the same criticism 
would apply to the indole test of Dane (1911) as recommended by 
Rosenthaler and John (1915). 
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None of the known tests mentioned above seem to offer a 
suitable substitute and the dimethylaniline lacks the desired sen¬ 
sitiveness. The sensitivity of any nitrite test used in bacterio¬ 
logical characterization affords a point for argument. Some 
investigators doubt the significance of exceedingly minute 
amounts of nitrite in cultures. For example, Harding (1910) 
favored the starch-iodide test because it was less delicate than 
the stan4ard test. Conn and Breed (1919) on the other hand 
have emphasized the need for a very delicate test and the Com¬ 
mittee on Bacteriological Technic of the Society of American 
Bacteriologists apparently are in agreement. As a result, dime- 
thyl-alpha-naphthylamine was tried. It is a compound like 
dimethylaniline, but with a higher molecular weight which would 


TABLE 3 

Sensitivity of the standard and the proposed test 


NITRIT* DILUTION 

BTANDARD 

PROPOSED 

1:40 million 

Distinct 

Distinct 

1:80 million 

Distinct 

Distinct 

1:100 million 

Faint 

Faint 

1:200 million 

Faint 

Very faint 


All readings made after ten minutes. 


give it a more intense color and consequently greater sensitivity. 
The results were so favorable that the recommendation that it 
be used in place of alpha-naphthylamine is offered without 
hesitation. 

AlS obtained from the Eastman Kodak Company, dimethyl- 
alpha-naphthylamine is a slightly viscid liquid, specific gravity 
1.016, with a faint kerosene odor and colorless except for a slight 
bluish fluorescence. The reagent, prepared by dissolving 6 cc. in 
one liter of 5 N acetic acid, is stable and apparently imaffected by 
exposure to light and air. The color produced with traces of 
nitrite is similar to the standard test. In high nitrite concentra¬ 
tions, the color does not fade because the amino group is protected. 
The colored compound does, however, tend to precipitate in high 
concentrations, but instead of turning brown or being entirely 
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destroyed as is the case with the standard test, enough of the 
dimethyl color renaains in solution to give a dark red naixture 
which may be diluted with water to a clear red solution. The 
color production with very small amoimts of nitrite is a little 
slower than the standard test, but the sensitivity of the two is 
alike (table 3). The sensitivity of the standard test was placed 
by Warington (1881) at 1:100 million though higher dilutions 
developed color on standing. Determinations have shown 1:100 


TABLE 4 

Comparison of the standard and the proposed lest 


fiTAK1>A.RI> TEST 


PROPOSED TEST 


1 . Escherichia coli . 

2 . Eberlhella dysenteriae — 

3 . Eberthella iyphi . 

4 . Salmonella enteritidis .... 

5 . Salmonella pestis caviae.. 

6 . Salmonella suipestifer, .. 

7 . Salmonella paratyphi ... 

8 . Salmonella schottmiblleri. 

9. Salmonella anatum . 

10. Salmonella pullorum . 

11. Aerobacler aerogenes _ 

12. Proteus vulgaris . 

13. Alcaligincs abortus . 

14. Proteus X19 . 

15. Bacillus meseniericus .., 

16. Unknown spore former.. 

17. Control. 


Faded to yellow 
Brown precipitate 
Faded to yellow 
Faded to yellow 
Faded to yellow 
Faded to yellow 
Faded to yellow 
Faded to yellow 
Faded to yellow 
Faded to yellow 
Nearly faded 
Faded to yellow 
Brown precipitate 
Faded to yellow 
Brown precipitate 
Nearly faded 
Very faint color 


Deep red; slight precipitate 
Deep red solution 
Deep red; slight precipitate 
Deep red; slight precipitate 
Deep red: slight precipitate 
Deep red; slight precipitate 
Deep red; slight precipitate 
Deep red; slight precipitate 
Deep red; slight precipitate 
Deep red; slight precipitate 
Deep red; slight precipitate 
Deep red; slight precipitate 
Deep red solution 
Deep red; slight precipitate 
Deep red solution 
Deep red; slight precipitate 
No color in 10 minutes 


million in two minutes, 1:300 million in ten minutes and 1:500 
million in thirty minutes. The proposed dimethyl compound 
shows 1:80 million in two minutes, 1:200 million in ten minutes 
and 1:400 million in thirty minutes. It is assumed that most 
bacteriologists allow a ten minute reaction period before taking a 
final reading on the nitrite test. Making allowance for the 
natural color of the broth, the standard test and the proposed 
modification are both sensitive to one part of nitrite nitrogen in 
one hundred million of solution. Sterile control tubes of nitrate 
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broth, when incubated for five days, not infrequently give faint 
positive tests with such delicate reagents. 

Duplicate tubes of nitrate broth, made with ordinary sulfur 
containing peptone, were inoculated with the same series of 
organisms and tested for nitrite after five days incubation by 
both the standard and the new reagents (table 4). In the stand¬ 
ard test the usual fading was noticed but in the proposed test it 
was not. In both tests the color appeared within thirty seconds 
after the addition of the reagents showing that with these organ¬ 
isms the tests are not only sufficiently delicate but that there is a 
margin of sensitivity that is adequate. 

DISCUSSION 

It has been shown that the fading in the standard nitrite test is 
caused by an excess of nitrite. In a great many cases the color 
fades almost instantly and could very easily be overlooked by the 
busy laboratory worker making a number of tests. It has also 
been shown that in cultures of hydrogen sulfide producing bac¬ 
teria this fading is more marked. This condition is not due to the 
organism itself but to the action of the hydrogen sulfide formed. 
The trouble is alleviated by the use of a sulfur free medium. A 
new test is recommended that does not have the disadvantages 
of the standard test. 


CONCLUSIONS 

1. In high nitrite concentrations, the color resulting in the 
standard nitrite test is destroyed on account of the destruction of 
the amino group of the naphthylamine. 

2. The production of high nitrite concentrations is favored by 
the use of peptones containing sulfur and, conversely, small 
amounts of nitrous acid escape detection in the presence of hydro¬ 
gen sulfide. 

3. Dimethyl-alpha-naphthylamine gives a stable reagent of 
high sensitivity and produces a permanent nitrite color. 

4. It is recommended, therefore, in place of alpha-naphthyl- 
amine. 
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In the literature concerning the bacteriology of the mouth a 
certain group of organisms has heretofore been dealt with in an 
indefinite manner. I refer particularly to Bacillus buccalis-maxi- 
mtts (Miller), Leptoihrix buccalis (Robin), axid Leptothrix huccalia 
(Vignal). Varying characteristics have been attributed to these 
organisms by different authors. 

Robin, basing his observations on direct smear preparations, 
gives only a vague description of Leptothrix buccalis, but he does 
point out that they are long unarticulated threads. Vignal 
studied an organism, which he called Leptothrix buccalis, in pure 
culture. Though his organism formed threads, these threads 
were definitely articulated. Miller describes Bacillus buccalis- 
maximus as a rod, 2 to 10 micra long. These usually occur in 
long articulated threads which tend to form tufts. Miller was 
not able to cultivate this organism, but from his studies of smear 
preparations he concluded that it was different from the 
leptothrices. 

Among other forms found in direct smear preparations taken 
from advanced carious lesions in teeth an unusually long, thick 
Gram positive organism is invariably present. When it appears 
as a chain of rods, each rod measuring some 10 micra in length, the 
organism is spoken of as Bacillus buccalis-maximiis. Should it 
appear as a single thread from 20 to 100 micra long it is called 
Leptothrix buccalis (Robin). If the long thread is definitely 
articulated the organism is considered Leptothrix buccalis (Vignal). 

This paper describes an organism which when grown in pure 
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culture coincides with each of the varying conceptions listed 
above. 


ISOLATION 

Blood agar plates were streaked with debris taken from ad¬ 
vanced dental caries. For this purpose Douglas medium of pH 
7.6 with 2 per cent agar and 5 per cent rabbit blood was found 
satisfactory. The plates were placed in an anaerobic jar (Mc¬ 
Intosh) and incubated at 37°C. for forty-eight horns. 

In forty-eight hours a profuse foul-smelling growth is obtained. 
This growth consists largely of coccoid forms, very many Gram¬ 
negative bacilli, and spirilla. Isolated colonies of the desired 
organism are rarely foimd on these first plates. However, a 
careful examination of such a culture will reveal a few extremely 
delicate filaments which radiate from imder the mixed growth out 
on to the clear agar. A second plate inoculated from such a fila¬ 
ment will yield a luxuriant growth of the organism in piue cultiue. 

SOURCE OF STRAINS STUDIED 

Twelve strains were isolated from dental caries. It was noticed 
that while the organism yras readily isolated from old open lesions 
it was rarely obtained from initial caries of enamel. Such findings 
may have been due to chance. No attempt has been made to 
determine the incidence nor the significance of this organism in 
dental caries. 


MORPHOLOGY 

The organism is a Gram-positive rod, measuring 0.3 micron in 
width, and may vary from about 8 micra to an extremely long 
filament extending across the entire field. The organism is easily 
stained with methylene blue, carbol fuchsin, and the usual basic 
aniline dyes. 

The rods may occur singly or in chains of 3 to 8 or more cells. 
The isolated rods are somewhat tapered, though, not infrequently, 
clubbed and swollen ends occur. Figures 6 and 8 illustrate the 
striking resemblance of these organisms to Bacillus buccalis-maxi- 
mus. Figure 3 shows the characteristic swellings. 
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When these organisms grow out into threads they may be 
articulated or uninterrupted in their entire length, as can be seen 
from figure 4. The thread forms are frequently wavy and all of 
the strains have the imusual tendency to form coils with turns of 
mechanical uniformity (figs. 4 and 5). In this latter respect the 
organism resembles Weible’s “Vibrion am Nasenschleim,” (fig. 
7). Very often two organisms are seen wound around each other 
in cable fashion. Such forms may be seen in figures 1 and 2. 

CULTURAL CHARACTERISTICS 

For isolating this organism, Hartley’s modification of Douglas’s 
medium with 2 per cent agar and 5 per cent blood, is very satis¬ 
factory. It seems to be the medium best suited for the growth 
and cultivation of these forms. On plain agar or meat infusion 
agar little or no growth occurs. In some instances a slight growth 
was obtained on the first transfer to meat infusion agar, but it was 
not possible to secure growth after the second transfer to media 
which did not contain blood or hydrocele fluid. 

Gelatin, casein digest sodium oleate agar, whey agar, milk, 
brain broth, and glucose meat infusion broth are unsatisfactory. 

With Loeffler’s serum and ascitic fluid agar, a meager growth 
may be obtained. Hydrocele fluid agar may be used with some 
satisfaction, but blood agar is excellently suited for this organism. 
Growth in broth was obtained only with difiiculty. All tests for 
the production of indol were negative. 

On blood agar the colonies vary from 1 to 3 mm. in diameter. 
The smaller colonies are slightly raised, circular, and have discrete 
borders. The older colonies are much larger, measuring from 3 
to 4 mm. in diameter. In the middle of each colony is a whitish 
papule from which the colony substance seems to radiate. Imme¬ 
diately around this peak the matrix is uniformly dense and of a 
greyish tint. Toward its periphery the colony breaks up into 
hair like filaments which terminate in three or four tufts. These 
tufts generally take on an S-shaped curve giving to the colony a 
whirl appearance. Such typical colonies often appear within 
forty-eight hours. 

The pure cultures have a slightly musty odor but are not foul. 
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The organism is non-motile. It is not pathogenic. Large 
amounts of heavy suspensions in saline were injected into guinea 
pigs both intraperitoneally and subcutaneously with no untoward 
results. 

The optimum temperattire for growth is 37°C. A scant growth 
may be obtained at 40“C. No growth takes place at 18° to 20°C. 
It does not hemolyze blood and produces no pigment. No spores 
have been observed. 

ACTION ON CAEBOHYDRATB8 

Brom cresol purple in saturated alcoholic solution was added to 
Douglas agar in sufficient amoimt to give to the medium a fairly 
deep blue color. This was put up in 25 cc. amounts and auto¬ 
claved. Two per cent aqueous solutions of the carbohydrates to 
be used were passed through a Seitz filter and then added under 
sterile conditions to the agar in 25 cc. amounts. In this manner 
the sugars were not subjected to heating and the final carbohy¬ 
drate content was 1 per cent. To insure growth a drop of blood 
was added to each slant. 

AU strains studied produced acid without gas from glucose, 
levulose, mannose, lastose, sucrose, raffinose, arabinose, xylose, 
maimitol, dulcitol, sorbitol, and inositol. Acid was not produced 
by the growth of the organism in the film of blood on the agar 
slant when no carbohydrate was added. 

COMMENT 

The organism described above might well be classified as a 
Leptothrix, if such a genus be valid. As seen in the fresh material 
from which it is isolated the organism is filamentous. In culture 
it grows out into long non-branching threads, though indeed un¬ 
usually long bacillary forms occur. Morphologically it tallies 
very well with what previous observers have ventured to think 
of as leptothrices. In a recent paper Varney describes several 
strains as BaciUvs ftisiformis. One or two of these strains resem¬ 
ble the organism which I have described. Pending further studies, 
however, I shall reserve for a future paper the classification of this 
organism. 
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SUMMARY AND CONCLUSIONS 

Twelve strains having similar morphological and cultural char¬ 
acteristics were isolated from dental caries. They are strictly 
anaerobic and grow best on blood agar. Though they utilize 
carbohydrates to produce acid, their status as an etiological factor 
in dental caries is extremely doubtful. They differ from the 
leptothrix isolated by Vignal in that VignaTs organism grew very 
well aerobically on the ordinary laboratory media. 

The pleomorphism of this organism is very likely responsible 
for the differences of opinion advanced by early workers who were 
not able to observe the organism in pure culture. 
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PLATE 1 

Photomicrographs of Preparations from Cultures of Anaerobic Organism 
FROM Dental Caries, Showing Pleomorphism. Gram 
Stain. Magnification Approximately XIOOO 

Fig. 1. Smear from three-day culture on blood agar. 

Fig. 2, Braided filaments from three-day culture on blood agar. 

Fig. 3. Swelling at end of filament from forty-eight-hour culture on blood agar. 
Fig. 4. Smear from forty-eight-hour culture on blood agar, showing spirals 
and coils. 

Fig. 6. Typical coil from forty-eight-hour culture. 

Figs. 6 and 8 . Forms reiiembling rods and chains of so-called Bacillus buccalis^ 
maximust from forty-eight-hour culture on blood agar. 

Fig. 7. Copy of figure in Weible’s paper showing coils of filamentous organism 
from nasal mucus. 
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SIMPLE IVIETHOl) OF PRODUCINC J ANAEROPIC 
CONDITION'S 

IIKXUV KHUI'A BKKG 

VtiircrsHy of (\iJifnrnia Lnhoraloii/ f(pr Resiordi hi (hr (^mnnncj JaduKiricSf 

San Francisco 

K(*(*eivc‘d for ])ul)Iication May 18, 1927 

A siiii])le metliod of jirodiieiiig anaerobic conditions is to set a 
small tube filled with jiyrogallic acid solution so that its open 
ea})illary tip discliai’ges into a small beaker containing the proper 
amount of KOJ! solution and evacuate it in a closed s^^steni— as 
shown in jhctiire and sketcli. 



Fi(j. 1 


As the pyrogallic* acid is not mixed with the KOII solution 
until the jar is exhausted, waste is avoided and only a small 
amount, which may readily be calculated is needed. If hydrogen 
or nitrogen is introduced after evacuation, the amount of mixture 
drawn back into the tube must, of course, be taken into considera¬ 
tion. The pyrogallic tube itself is filled by setting it into a 
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3})2 

beuker containing i)yiogallic acid and evacuating. '^Fhe air 
escapes from it and on leleasing the vacuum the i)yrogallic acid 
is drawn into the tube. 



Fig. 2 

For quick reference a diagram giving the amount of 22 per cent 
pyrogallic acid solution necessary for the absorption of oxygen 
per liter under various pressures in mm. Hg is attached. The 
10 to 60 per cent KOH solution (depending on the rate of 0* 
absorption desired), with which it is to be mixed, should be six 
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times that amount. The diagram is based upon the absorption 
of 12 cc. of O 2 in air at atmospheric pressure by 1 cc. of the pyro- 
gallic acid KOH mixture. 



Fig. 3. Amount of Pyrogaulic Acid Solution Needed to Absorb the Oi in 
Air per Liter at Various Pressures 

REFERENCE 

Treadwell: Analytical Chemistry, vol. ii, Quantitative Analysis, 1924 edition, 
p. 653. 
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INTRODUCTION 

In previous papers (Sanborn (1926, 1927)) the author has 
shown that the growth and physiological efficiency of cellulose 
destroyers are markedly influenced by the presence of a so-called 
essential food factor in the mediiun. This factor, present in 
sterile, unheated plant tissue, in extracts from the seedlings of 
various crops, and as a synthetic product of the microbial cell, 
plays an important part in natural processes of cellulose destruc¬ 
tion, as, for example, in the decomposition of green manure. 

Microbial associations, too, exert a significant influence upon 
the rate of cellulose fermentation and the effect produced seems 
to be intimately related to the provision of essential food sub- 
st^ces. A similar conclusion regarding the nature of associa¬ 
tion has been reached by other investigators, Kent (1924), Davis 
(1921)). The essential food factor causes the cellulose destroyer 
to attain a state of maximum efficiency and the process of cellu¬ 
lose decomposition in the laboratory may be accomplished with 
an efficiency which even surpasses that commonly observed in 
nature. 

For details in technique and method, reference should be made 
to the previous papers. 

THE CHINA BLUE-AtTRIN MEDIUM FOR THE ISOLATION AND INVESTI¬ 
GATION OF CELLULOSE DESTROTERS 

Based upon the physiological proclivities of the cellulose- 
decomposing organisms studied and the successful application of 
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the H-ion technique as a criterion of the rate of decomposition, 
a meditun has been developed and described (Sanborn (1926)), 
which furnishes a convenient method of testing the influence of 
essential food substances and association upon the physiological 
eflBciency of cellulose-destroyers. A modification is recommended 
in this paper which offers a wider range of usefulness. In the 
previous work it was found desirable to employ a natural, un¬ 
altered form of cellulose. Raw cotton, which was selected, 
proved highly satisfactory. The seed fibers of the milkweed, a 
form of cellulose used by the author at present, is also yielding 
favorable results. 

In the present investigation an attempt has been made to pre¬ 
pare a medium using raw cotton, precipitated according to the 
method of McBeth (1916). The dissolution of the cotton in 
copper-ammonium solution was carried on as rapidly as possible 
by constant shaking, followed iounediately by precipitation and 
washing. 

The composition of the liquid medium is as follows: 


cr. 

Precipitated raw cotton.500 

Basic nutrient solution*. 500 

China blue-aurin indicator^. 10 


To prepare the solid medium, 1.6 per cent agar is dissolved in 
the nutrient solution, then the cotton is added, and, finally, with 
constant stirring, the indicator. The medium becomes of a bright 
red color which is not affected by the autoclaving which follows. 
The pH is approximately 8.40. Plates may be poured in the usual 
way, and the organisms which decompose cellulose with the pro¬ 
duction of acid, form blue zones about the growth, or the growth 
itself may take up the stain. Besides facilitating the isolation of 
cellulose destroyers the medium is useful for determining physi¬ 
ological efficiency. Either the liquid or solid m^dium will yield 
satisfactory results, but in the majority of the experiments the 

* Referred to previously; described in first paper of series. 

* Indicator is obtained by mixing equal parts of 0.5 per cent aqueous solution of 
China Blue with 1.0 per cent solution of rosolio acid in 95 per cent alcohol. (See 
Jour. Bacteriol., (1926), 12, 351.) 
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author has employed the latter in Petri plates, making parallel 
streaks and treating one-half of the medium in the plate with the 
accessory factor, leaving the other half as a control. The incu¬ 
bation temperature was 25°. 

If the liquid medium is tubed, autoclaved and inoculated with 
the organism to be tested, the essential food element may be 
added by introducing into series of tubes varying amoimts of 
extract. Positive results are indicated by the gradual fading of 
the bright red color, the medium becoming an intense blue within 
a few days. A comparison of such tubes with the controls will 
thus reveal visible evidences of cellulose decomposition. 

In the physiological investigation of cellulose fermentation 
by C. folia, the author has secured marked stimulative effects 
with the following materials: 

1. Sterile, unheated plant extracts (alfalfa, barley, buckwheat, 

clover) 

2. Extracts prepared from cells of B. mycoides, B. svbtilis, B. cereus, 

cellulose destroyers, and yeast 

3. Suspensions of living Azotobacter cells 

CONCLUSION 

The present article is a preliminary report on the use of the 
China blue-aurin-cellulose medium. Further work is in progress 
at this laboratory. 
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A survey of the literature reveals the fact that as far back as 
1876 butyl alcohol was recognized as a metabolism product of 
certain types of bacteria and moulds. Since the pioneer work of 
Fitz and Pasteur, some twenty-five writers have described organ¬ 
isms which produce butyl alcohol from carbohydrate material. 
The biological production of acetone was not noted until later 
(1904), but it is highly probable that all the forms which produce 
butyl alcohol likewise form acetone, and that the majority of 
those described in the literature belong to a single species. The 
types which have been studied more recently have been shown 
to be capable of considerable variation, depending upon the 
nutrient medium employed, age of culture, and respiratory 
environment. The particular organism which is being used on 
a commercial scale has been given a variety of names which 
cause confusion regarding the identity of the species. We would 
urge the general acceptance of the name Clostridium acetohutylv- 
cum, Weizmann, as being descriptive and in compliance with the 
rules and nomenclature of the Society of American Bacteriolo¬ 
gists. 

In the present experimental work it has been our aim to make 
a comparative study of various strains of butyl alcohol and ace¬ 
tone producing organisms, both newly isolate and old known 
stock strains. The investigation was stimulated in part by the 
fact that this laboratory was made a temporary repository 
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for an authentic culture which had been employed for some time 
in the production of solvents. 

ISOLATION OF NEW STRAINS 

When this work was undertaken, only the single strain of the 
butyl organism was available for study. Four others were 
isolated later, and finally one more strain was received from 
another laboratory. 

The isolation method was similar to that described by Weiz- 
mann (1919). To test tubes containing 10 cc. of sterile corn 
mash (5 per cent) were added small amounts of the original test 
substances. The test tubes were heated in a boiling water bath 
for 45 seconds, then promptly cooled in runmng water. After 
incubation for from twenty-four to thirty-six hours, those 
tubes which showed the most pronounced amylolytic action and 
gas production were selected as probably containing the butyl- 
acetone organism. After from eight to ten days further incuba¬ 
tion, the tubes were again heated as before and the contents 
plated on agar in various dilutions. Within two days typical 
polyhedral colonies, when present, were picked from the plates 
and inoculated into fresh tubes of mash. 

Considerable time was devoted to a study of different solid 
media. The following combination invariably gave the best 
results. 


Malt extract. 5 grams 

Agar. 20 grams 

Gelatin. 10 grams 

Saturated solution CaCOi. 1000 co. 


Following autoclave heating, and the filtering off of the dark 
precipitate which forms, the medium is tubed and sterilized. 

As the organism is a strict anaerobe, special methods of cultur¬ 
ing had to be employed. The Laborius-Veillon method involv¬ 
ing the use of long glass shake tubes was at first tried. This pro¬ 
cedure gave very large and perfect colonies, but experience proved 
that there was considerable danger of contamination during the 
slicing of the medium. 
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The anaerobic culture method described by Krumwiede and 
Pratt (1913) was much more convenient and safe. After inocu¬ 
lation, the medium was poured into the inverted cover of a sterile 
Petri dish and on the surface of the still liquid medium was 
floated the other section of the Petri dish. The two parts of 
the plate are readily separated after incubation, and the gum¬ 
like colonies picked with a platinum needle through a very thin 
layer of medium. 

Strain St, the original solvents culture, had been isolated in 
1919 from barley grown in Pennsylvania. It was found to be 
quite active after a few transfers in 5 per cent mash. This 
strain had been carried in mash since its isolation and had been 
frequently heated and subcultured. It gave a brisk fermenta¬ 
tion and a good yield of acetone and butyl alcohol from the 
beginning. 

Strain K was isolated in the laboratory in April, 1924, from a 
putrefying clam. It gave a rather feeble but typical butyl 
fermentation upon isolation. 

Strain M was isolated in May, 1924, from corn meal bought at 
a local market. When freshly isolated, the fermentation of corn 
mash was brisk but in no way comparable to that of Strain St. 

Strain So was obtained in pure culture from Connecticut 
garden soil in October, 1924. At the outset it gave such feeble 
fermentation that it was thought to be an organism of a different 
species. Continued cultivation increased its activity. 

Strain B was isolated in the fall of 1925 from barley obtained 
in the market. Its fermentative powers were quite strong after 
a few transfers. 

Strain S was obtained from another laboratory and was highly 
developed as an acetone and butyl alcohol producer when re¬ 
ceived. Its date of isolation and origin are unknown. 

Although approximately 75 samples of material were used in 
attempting to isolate the butyl-acetone bacillus, in only 4 cases 
was it finally recovered in a pure state. Attempted isolations 
from rye, wheat, millet, hemp, bird seed, rancid butter, sewage, 
rotting potatoes and feces were unsuccessful. 

While many of the grains and most of the soils investigated 
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gave butyl or butyric fermentations, the lack of strongly marked 
diastatic action showed that if the organism desired was present 
it was far outnumbered by other forms, and that isolation would 
be practically imposrible. In such cases repeated heating and 
reculturing failed to bring it into view. It is possible that in 
many cases associated bacteria so masked the activities of the 
butyl bacillus tiiat it could not be recognized as such. 

All six strains were identical in the various qualitative tests. 
They differed greatly, however, in intensity of reactions, notably 
in their ability to produce n-butyl alcohol and acetone from car¬ 
bohydrate material. 

A complete bacteriological description of the organism could 
not be found in the literature. The following descriptive out¬ 
line was prepared according to tixe chart of the Society of Ameri¬ 
can Bacteriologists. 


DESCBIPTIVE CHABT 

Source. Connecticut garden soil. 

Date of isolation. October, 1924. 

Name. Clostridium acetobutylicum, Weizmann.^ 

, Morphology 

Vegetative ceUs. Medium: 5 per cent com mash. Temperature: 
37®. Age: Twenty-four hours. Form: Short rods. Arrangement: 
Single. Limits of size: 2m to 5/t by 0.4m to 0.6m. Size of majority: 
3m by O.Sm. Ends: Rounded. Capsules: Present in old glucose pep¬ 
tone cultures. Stuned with carbol fuchsine. 

Sporangia. Present. Medium: 5 per cent com mash. Age; Forty- 
eight hours. Temperature; 37®C. Form: Spindle. Limits of size: 
4m to 6 m by 1m to 1.2m. - Size of majority: 4m by Im* 

Endospores. Present. Location: Sub-polar. Form: Cylindrical to 
ellipitical. Limits of size: 1m to 1.6m by 0.8m. Size of majority: 1m by 
0.8m. Wall: Thick, non-adherent. 

Motility. Motile. Flagella: Present, peritrichiate. 

Irregular forms. Present in old glucose containing media: ouiieate. 
Stainingreactions. Methyleneblue: Deepbloe. Otherstains: Stains 
deeply. Oram stain: Positive. Lugol’s iodine: Qranolose. 

‘ This name has also been propoMd neently by MoCoy, Frad, Petenon and 
Hastings (1926). 
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Cultural iharacteriatica 

Aerobic agar stroke. No growth. 

Gelatin stab. Very slow, limited growth. Line of puncture: Plu¬ 
mose in depth of medium. Liquefaction: Slight. 

MaU extract gelatin agar anaerobic tubes. Polyhedral granular col¬ 
onies, edge entire, 2 mm. in diameter in five days. Cream white in 
color. Very viscid. Gas splits the medium. 


TABLE 1 

Shomng the fermentation of sugars, etc,, in peptone water containing 
pulped filter paper 



GROWTH 

ACXD 

80LV1X9TB 

Glucose.. 

++ 

++ 


Lactose. 

++ 

++ 

++ 

Sucrose. 

++ 

++ 

++ 

Leirulose. 

++ 

++ 

++ 

Galactose. 

+4* 

++ 

++ 

Mannose. 

++ 

++ 

+ + 

Arabinose. 

++ 

++ 


Xylose. 

++ 

++ 

++ 

Calcium lactate. 

— 



Starch. 

++ 

++ 

+4- 

Pectin. 

++ 

++ 

4-4- 

Inulin. 

+ 

++ 

H- 

Mannitol. 

++ 

++ 

4- 

Glycerol. 

- 

- 

- 

Glycogen. 

++ 

++ 

4- 

Dextrin. 

++ 

++ 

-1-4' 

Rhamnose. 

— 

— 

— 

Melezitose. 

++ 

++ 

— 

Trehalose. 

— 

— 

— 

Melibiose. 

— 

— 

— 


Nutrient broth. No growth. 

Potato. Abimdant in anaerobic tube. Form of growth: Slimy, 
cream-colored, opaque. Elevation: Flat. Odor: Butyl. 

Pepttme ^rch paste. Growth: Rapid. Diastatic action: Rapid, 
complete 

Litmus milk. Coagulation: Rapid. Coagulum: Peptonized. Reac¬ 
tion: Acid, finally reduction. 

Nitrogen. Secured from protein and peptone. 
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Best medium for growth, 5 per cent com mash. 

Best medium for colony formation. Malt extract gelatin-agar. 

Quick differential test, Diastatic activity, odor. 

Pathogenicity, Non-pathogenic (rabbit, guinea pig). 

Loss of vitality on culture media. Viable for years. 

Acids produced. Acetic, butyric and lactic. 

Alkali produced. None. 

Alcohols produced. Ethyl and butyl. 

Aldehyde, Slight. 

Acetone, Strong. 

Ferments present, Peptase, diastase, pectase, glucase, lactase, inver- 
tase, inulase (some of which are not secreted into the medium). 

Tolerance to acids. Great. 

Tolerance to alkali. Slight. 

Resistance to drying. Very resistant. 

NITROGEN REQUIREMENTS OF CL. ACETOBUTYLICUM 

Carbohydrate metabolism has been quite thoroughly covered 
in other researches. On the other hand, such data as the follow¬ 
ing on available nitrogen sources have not been presented. 

The composition of the elementary medium employed in this 
work was as follows: ^ 


K,HP04. 

KHjPOi. 

MgSOi. 

NaCl. 

FeS 04 . 

Wheat starch 
H}0 distilled. 


0.5 gram 
0.5 gram 
0.2 gram 
0.01 gram 
0.01 gram 
30.00 grams 
1000.00 grams 


Pulped inter paper was added to give “body” to the medium, 
and thus to aid in establishing a favorable (anaerobic) condition. 
Starch was used for carbohydrate, as diastatic action furnishes 
a ready index of growth. The nitrogen-free medium was tubed 
in 30-cc. amounts in large test tubes and the nitrogenous materials 
to be investigated were added in varying concentrations. After 
sterilization, the tubes were inoculated with a saline suspension 
of active solvents-producing bacilli which had been grown in 
maltose-peptone broth, centrifuged and thoroughly washed. 
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In the first set-up, the added nitrogen was in the form of pro¬ 
tein. The object of this experiment was to determine whether 
any particular protein was more suitable for fermentation than 
others. The corn protein fractions were prepared in the labora¬ 
tory; the zein was removed by alcoholic extraction, and the 
globulin fraction separated by extraction with salt solution and 
subsequent precipitation by dialysis. The ovalbumin and egg- 
meat proteins were added in the desiccated state. The total 
protein content of 5 per cent corn mash is about 0.4 per cent. 
This figure gave the basis for the concentrations used. In each 


TABLE 2 

Showing the availability of different proteins as sources of nitrogen 



TUBE 1 

TUBE 2 

TUBE 3 

0 01 -1.-.. 

+ + + 

+ ■+■ + 

444 

Zpin 0 4 . 


+ + + 

+++ 

Zein, 1 0 ppf .. 



+++ 

nifthiilin 0 m n«r . 

-f + 


44 

rrlnhnlin (1 4 T'iftr r.ftnt... 

+++ 

+++ 

444 

Olnhiilin 1 0 ner cent.... 

+++ 

+++ 

+++ 

THiwr-mftft.f. n 01 nf»r f»ent.... 

+ -i-+ 

+-f+ • 

+++ 

TTflrir-mrkAt. 0 4 rw>r rent.. 

-f+4- 

+++ 

+++ 

Ti^flror-TnAft.t. 1 0 rw»r rent.. 



H—1—1" 

Ovftlhiimin 0 01 Tier cent... 


+++ 

+++ 

Ovu-lliiimi n 0 4 ner cent.. 

■f+-f 

4-++ 

+++ 

OvAlVtiimin 1 0 Tier cent.• 


444- 

+++ 

CJontrol (no ..... 









instance where growth occurred, a portion of the contents of that 
particular tube was used to inoculate another tube of the same 
medium. This was repeated for three tubes. (See table 2.) 

It is evident from this experiment that various types of pro¬ 
tein constitute available sources of nitrogen. All gave active 
fermentations, including the protein fractions from the corn. 
The tubes which contained the zein seemed to be slightly more 
active than the others. 

The second experiment was made in order to determine the 
availability of various amino acids and related compoimds. 
The following substances were used: Glycocol, proline, valine, 
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cystine and aspartic acid. A control, free of all nitrogen, and a 
control containing peptone, were included. (See table 3.) 

This experiment would indicate that the butyl bacillus is 
tumble to utilize simple amino acids of the above types, when 
used as the only source of nitrogen. 

Experiment 111 included miscellaneous nitrogenous compounds 
—^pmine substances, urea and inorganic salts. (See table 4.) 

None of the inorganic salts employed here supported growth. 
This observation is not in accord with certain claims that the 
butyl organism is capable of deriving nitrogen from ammonium 
salts. 


TABLE 3 


Giving reaidts mih amino acids as possible sources of nitrogen 



TVBB 1 

TUBB 2 

TCBB 8 

Glycocoi} 0.01 percent.. 




Glycocol| 0.6 per cent. 


mm 


Proline, 0.1 per cent... 


mm 

mm 

Froline, 0.6 per cent... 


mm 

mm 

Valine, 0,01 per cent..... ..... 

— 



Valine, 0.6 per cent.... 

— 

— 

— 

Cystine, 0,01 per cent... 

— 


mm 

Cystine, 0.6 per cent....... *. 


.« 

mm 

Aspartic acid, 0.1 per cen#.... 


— 


Aspartic acid, 0.6 per cent. 



_ 

Peptone (control) 0.5 per cent... 

+ + + 

++ + 

+++ 

Control (no. Nj)... 






Small amoimts of cultures of various types of organisms, viz., 
E. prodiffiosuB, Staph, aurem, Proteus vulgaris, etc., scraped from 
^ar slants, when added to the nitrogen-free medium, supported 
an especially vigorous development of the butyl o:^anism. The 
results were the same, whether the nitrogen-bearing material 
was either dead or alive. 

Attonpts were also made to grow a nitrogen-fixing species 
(Asotohacter cro&coccum) in nitrogen-free media, in order to pro¬ 
duce sufficioit combined nitrogen to support the butyl organism 
when later introduced. All such attempts were without success. 
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In many cases the unsuitable nitrogenous substances could be 
converted by another bacterial species into a form capable of 
supporting the butyl fermentation. For instance, a medimn 
containing nitrogen only in the form of glycocol was inoculated 
with Staphylococcus aureus. After forty-eight hours incubation, 
the tubes were inoculated with the butyl bacillus, which then 
underwent abundant development. 

It is evident from these eiqieriments on the nitrogen require¬ 
ments that the solvents-producing organism is dependent upon 


TABLE 4 



TUB! 1 

TUB! 2 

TUBB 3 

Nuclein acid, 0.05 per cent. 




Nucleic acid, sample 0.6 per cent....*..., 




Urea, 0.05 per cent... 

emm 



Urea, 0.5 per cent. 

— 

— 


Uric acid, sample 0.05 per cent. 

Ml 



Uric acid, sample ‘‘a,’^ 0,6 per cent.. 




AfniYinniiinn 1ft.c|!tate, 0.05 per cent.... 

— 



^vnmnnium Ifietate, 0.5 per cent. 

M» 



Amnioni\im sulphate, 0 05 per cent.... 

— 



Ammonium sulphate, 0.5 per cent. 




Ammonium nitrate 0 05 per cent. 




Ammonium nitrate, 0 6 per cent. 




Sodium nitrate, 0 05 per cent.-. 

— 



Sodium nitrate 0 5 per cent. 




Sodium nitrite 0 05 per cent. 

— 



Sodium nitrite, 0 5 per cent. 

mmm 



peptone control. 

+ + -f 

+ 4-+ 

+ + 

NitrnffAn free control. 








highly complex compounds—^proteins and peptone, for growth, 
utilizing these through the agency of a very active proteolytic 
enzyme. In the p^ence of such compounds, simpler nitrogenous 
substances may or may not be also available for assimilation. 

SEROLOGICAL RELATIONSHIPS 

For the production of the antigens, both for inoculation pur¬ 
poses and for use as test antigen, the several strains were 
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grown in 100 cc. Erlenmeyer flasks containing 50 cc. of a medium 
of the following composition: 


KjHPO«. 

KH1PO4. 

MgS 04 . 

NaCl. 

FeSOi. 

Peptone. 

Maltose. 

H 2 O distilled. 


1*0 gram 
1.0 gram 
0.2 gram 
0.01 gram 
0.01 gram 
5.0 grams 
20.0 grams 
1000.0 cc. 


Small bits of filter paper were added to the filtered medium and 
after forty-eight hours incubation of the inoculated flasks they 
were freed from the filter paper, the bacterial suspension was 


TABLE « 

Antiserum for strain K 



1:200 

1:400 

1:600 

1:800 

Antigen K . 

+++ 

++ 

++ 

+ 

Antigen So... 

+++ 

+ 

+ 

— 

Antigen St. 

+++ 

++ 

+ 


Antigen B . 

++- 1 - 

++ 

+ 

+ 

Antigen M. 

++ 

+ 

+ 

— 


centrifuged and the supernatant liquid poured off. Following 
one washing with saline solution, and re-centrifugalization, the 
cells were suspended in a rather concentrated state in carbolized 
saline solution. For use as a vaccine, this suspension was diluted 
to an opacity equal to 4.0 on the McFarland nephelometer scale 
and heated at 68“ for thirty minutes. For use as antigen in the 
agglutination tests, 0.76 (neph. scale) suspensions were ranployed. 

Antisera for strains K and B were prepared by the intravenous 
injection of rabbits with 0.6 cc. doses of the bacterial suspension 
at 2 day intervals over a period of ten days. The animals were 
bled on the 21st day after the first injection and the sera pre¬ 
pared. The usual macroscopic technique was employed. 

Seriam prepared from strain K was used against antigens K, 
So, St, B and M. (Strain S was not available at this time.) 
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The experiment represented in table 5 was repeated several times 
with similar results. The controls were negative. 

In the following experiment, antiserum prepared from strain B 
was employed. Its action on antigens of all strains was tested. 
(See table 6.) 

The cross-agglutination between the different strains as evi¬ 
denced in these tables would confirm the species identity of the 
strains under observation. Moreover, the reaction of the differ¬ 
ent strains with the two sera in somewhat different degrees would 
indicate that the various strains were of different origin, and that 
none were reisolations of a single existing strain. 


TABLE 6 

Aniuerum for strain B 



1:200 

1:400 

1:600 

1:800 

BSRUM 

FRBB 

CONTROL 

NORMAL 

SERUM 

CONTROL 

Antigen B. 

+4-+ 

+++ 

+ *f 

4-1- 

— 


Antigen M. 

++ 

++ 

— 

— 

— 

— 

Antigen So. 

+-^+ 

+ 

— 

— 


— 

Antigen K. 

+++ 

++ 

— 

-- 


— 

Antigen St. 

+++ 

++ 

— 

— 


— 

Antigen S. 

+ 

+ 

— 

— 

HI 

— 


METHODS OF ANAEROBIC CULTURE 

While experimenting with butyl fermentations several modi¬ 
fications were made in the customary methods of handling the 
cultures and of analyzing them for acetone and butyl alcohol. 

In order to transform dormant spore material into an actively 
fermenting culture, strict anaerobic technique must be employed. 
The method described by Gruber (1887) has been generally 
employed in the commercial preparation of cultures. This 
technique was used in the early part of this work. Long test 
tubes, 12 inches by f-inch, are slightly constricted in the middle 
by fiftatin g in order to prevent the cotton plugs from slipping 
down into the mash. A 10-cc. quantity of mash is then intro¬ 
duced into each tube by means of a long pipette, and the 
tubes plugged and sterilized. After inoculation with from 0.5 




















410 


EliUOTT B. WBTBB liSO B. BStTOSR 


to 1 cc. of a sporulated cultiire, and pushing the plug as far as 
the constriction with a glass rod, the tube is coimected with a 
vacuiun pump and the air rapidly exhausted (gentie boiling at 
room temperature). The plug is ^en heated to charring through 
the glass and the tube slowly drawn out and sealed at a point 
just above the plug. 

The method of Avery and Morgan (1923) for anaerobic culture 
was used with success. “Artificial peroxidase” is prepared by 
dissolving gum arabic in a warm solution of ferrot^ sulphate and 
precipitating with 95 per cent ethyl alcohol. The precipitate is 
filtered off and added in small quantities (i.e., a small loopful) 
to ordinary test tubes containing 10 cc. of the spore-inoculated 
mash. Upon incubation, the spores develop in the presence of 
apparently unlimited oxygen. Tests were made which proved 
that the catalase may be autoclaved with the medixun or alone 
without impairing its efficiency. It loses its value, however, 
very rapidly with age, so that a new lot must be made up every 
two or three days. 

The use of aerobic forms for stimulating anaerobes to growth 
under conditions of normal oxygen tension has often been re¬ 
sorted to. This method was employed with decided advantages 
over fhose just described. By the simultaneous inoculation of 
sterile mash with spores of the solvents-organism and a suit¬ 
able aerobe, a brisk fermentation is initiated in a TnmiTnnm incu¬ 
bation period. The ideal aerobe shoidd grow easily in corn mash 
and yet be susceptible to the acids produced alter the carbon 
dioxide of the fermentation has driven all oxygen from the sub¬ 
strate. It should not be a spore-former, for obviovis reasons. 

Many types of organisms were tested to determine which are 
best fitted to serve this function. The aerobes which best 
withstand the acids and other products formed by the sol¬ 
vents-organism apparently bring the anam'obe out of its dormant 
state earliest and, in general, start the fermentations most 
vigorously. Staphylococcus aureus was chosen, as it is viable 
during at least the first ten hours of the fermentation. How¬ 
ever, in all cases it is exterminated b^ore the fifteenth hour, at 
which time butyl organism transfers are best made. Micro- 
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scopic examinations made at the twentieth hour usually fail to 
show the presence of any staining staphylococci whatever. 

Tests have proved that the staphylococcus has no harmful 
effects upon the fermentation, and that it does not alter the final 
yield of solvents. By the use of this convenient method, much 
smaller amounts of spore inoculum are reqmred. One loopful 
of spore suspension will give rise to fermentation when inoculated 
with Staphylococcus aureus into corn mash, while 0.5 cc. of the 
same suspension frequently fails to give results with the vacuum 
pump procedure. 

Evidence to be advanced further along in this paper would 
indicate that the most resistant spores give rise to the most 
competent acetone- and butyl-producing cells. The most re¬ 
sistant spores of all organisms are generally supposed to have a 
longer lag period before germination. Therefore, it is highly 
important that the optimum conditions for germination should 
be supplied, so that all spores will develop as nearly simultaneously 
as possible. Otherwise, the non-resistant spores—the inefficient 
solvent-producers, will have an excellent opportunity for gaining 
headway and producing products inhibitory to the development 
of the still dormant resistant spores. 

THE EFFECT OF PERIODIC “PASTEURIZATION” UPON THE YIELD 
OF ACETONE AND BUTYL ALCOHOL 

At first, estimations of acetone yield were made by means of 
an adaptation of Goodwin’s (1920) modification of the Messinger 
method. Flasks containing 150 cc. of the fermented mash, 
representing a definite weight of corn meal, were utilized. The 
flask of fermented liquor was connected to a small double-jacketed 
condenser and from 50 to 60 cc. of the distillate were collected 
in a 100 cc. volumetric flask submerged in cold water. The volu¬ 
metric flask was then filled to the mark with distilled water. A 
2 cc. sample of this was removed and run into a 250 cc. glass 
stoppered bottle containing 25 cc. of n/1 NaOH. After allow¬ 
ing the bottle to stand a few minutes, n/5 iodine solution was 
introduced in excess from a burette, with constant agitation. 
After standing another ten minutes the sample was rendered 
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acid by the addition of 25.2 cc. of n/1 H 1 SO 4 and the excess 
iodine titrated back with n/ 5 tiiiosulphate solution, using starch 
paste as an indicator. 

Calculations; 


(cc. n/6 I 


Per cent of acetone 


oc. n/ 6 Thio.) X 0.19834 , . 

- z -;-- grams of acetone 

CO. of sample 

grams of acetone (from above) 


weight of com in the mash 


X 100 


There is apparently no simple method for the estimation of 
n-butyl alcohol, but numerous investigators have observed that 
the ratio between acetone and butyl alcohol is always approxi¬ 
mately one to two. This quantitative relationship was also 
confirmed by the writers. 

A simpler method was later devised and used with success. 
The distillate from the 150 cc. fermentation was collected in a 
cooled Babcock butter-fat determination flask (for cream analysis) 
which had been filled to the shoulder with granular potassium 
carbonate. The distillation was continued until the liquid ex¬ 
tended half way up the neck of the flask. After stoppering, 
the flask was placed in the incubator for a period of one hour, 
during which time it was agitated several times. The oily layer 
of mixed solvents rises to the siuface and may be read in cubic 
centimeters from the calibration on the neck of the flask. Using 
the data of Reilly and Ralph (1919) on the system Water-Acetone- 
Butyl Alcohol, the specific gravity of a 1:2 mixture of acetone 
and butyl alcohol was computed. Freon this was derived a 
formula for the conversion of cubic centimeters of mixed solvents 
into per cent yield. 


CC. mixed solvents , ^ 

-tt:- X ^ 

weight com 


per cent yield of mixed solvents 


As 7.5 gram samples of com meal were used throughout, this 
becomes: 


ee. mixed solvents X 10.7S » per cent yieM mixed solvents 

From the fact that a negligibly small ccmteactiion occurs when 
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acetone and butyl alcohol are mixed, these components may be 
quite accurately estimated by dividing by 3.0 and 1.5 respectively. 

When a series of fermentations is run, the relative content of 
solvents of each may be quite accurately gauged by the color of 
the fermented liquid. In the last stage of the fermentation the 
butyl alcohol concentration becomes great enough to dissolve 
some of the otherwise insoluble zein from the corn. This pro¬ 
duces a golden yellow color in good fermentations. Given a set 
of ten flasks containing fermented mash, it is quite simple to 
arrange them in order of increasing solvent content by judging 
the relative pigmentation in each. 

The practice of heating sporulated butyl cultures was originally 
intended to kill any non-sporulating contaminations which might 
be present in the material. It was later noted by the early 
workers in this field that when “non-pasteurized” starter ma¬ 
terial was used continuously, the fermentations became sluggish 
and the yields of solvents fell. This was attributed to the fact 
that fermentations of such a type were largely the results of 
activities of culture developing from cells which had not passed 
through the rejuvenating spore stage; that is, cells which had 
already passed through their useful cycle. 

It may be demonstrated readily that continued daily trans¬ 
ferring of culture leads eventually to weaker and weaker fer¬ 
mentative action imtil such action practically ceases. In such a 
case only a small percentage of the cells assume the spore form. 
Apparently the most vigorously fermenting strains are likewise 
the most prodigious spore-formers. Also, a strain which is imder- 
developed with respect to sporulation may be strengthened in 
this property by a periodic elimination of the individuals which 
persist in the vegetative form. This is fortunately readily 
accomplished by the heat treatment. Caxryii^ the theory 
further, may not the most resistant spores give rise to the most 
active culture? 

"Pasteurization,” as practised in the following experiments, 
has been conducted with a view to something more than a simple 
destruction of remaining vegetative cells. The heating has been 
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continued to a point at which some of the weaker spores are 
also eliminated. 

A study of the effect of heat upon the viability of spores was 
made to determine periods of heat treatment necessary for spore 
destruction at different temperatures. Capillary tubes 5 cm. in 
length were prepared and filled with a saline suspension of Cl. 
acetobutylicum spores. The tubes were sealed and sxispended in 
water baths of different temperatures for different periods of 
time. After removal, the tubes were placed for twenty-four 
hours in antiseptic to destroy any viable organisms adhering to 
the surface. Each tube was then washed and placed in a test 


TABLE 7 

Showing influence of heat on spores 




10 

SKC- 

OND8 

20 

880- 

OKD8 

30 

8B0- 

OND8 

40 

810- 

0N08 

50 

880- 

ON08 

60 

810- 

ONM 

70 

810- 

ONZMI 

80 

810- 

0KD8 

00 

810- 

oin>s 

100 

810* 

ONDa 

degrees 

100 

+ 

+ 

+ 

+ 


* 



1 



98 

+ 

+ 

+ 

+ 

+ 


— 

— 



— 

96 


+ 

+ 

+ 

+ 


• 

— 

B 


— 

93 

+ 

+ 

+ 

+ 

+ 

4* 

+ 


o 


— 

90 


+ 

+ 

+ 

+ 

+ 

+ 


a 

HI 

— 


■f » growth within twenty-four hours; * * growth after twenty-four hours; 
— « no growth. 


tube containing 10 cc. of Staphylococcus oMrews-infected mash 
and broken by means of a sterile glass rod. (See table 7.) 

Table 7 indicates that spore suspensions of this organism con¬ 
tain a small minority of slowly germinating individuals with a • 
heat resistance appreciably above that of the majority. In some 
cases growth was not evident during the first twenty-four hours 
of incubation. When dealing with spore material in test tubes, 
forty-five seconds was found to be the limit of tolerance at 100°. 
Occasionally, however, if the tubes are not cooled immediately 
after this period, no growth will occur. 

During this study over a period of two and a half years, the 
stock cultures were “pastemized” on an average of once in three 
weeks. In each instance the tubes from which spore inoculations 
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were made were saved for reserve in case of contamination and 
also for comparison with generations past and future. Directly 
after “pasteurization,” the spores were allowed to germinate 
under suitable conditions in 5 per cent mash and transplanted as 
an actively fermenting culture for three or four generations. 
The last generation was then set aside to sporulate, or else was 
used as a starter for a largjsr fermentation upon which determina¬ 
tion of solvent content was made. 

The procedure is as follows: The tube of dormant spore 
material from-which the active culture is to be prepared is placed 
in a bath of boiling water for forty-five seconds. After cool¬ 
ing, approximately 1 cc. of the liquid suspension is removed by 
sterile pipette (tipless—constructed from 3 mm. tubing) and 
discharged, without mixing, into a test tube containing 10 cc. 
of Staphylococcus auretts-infected 5 per cent corn mash. (Best 
results were obtained when the mash had been inoculated with 
the aerobe on the preceding day.) The tube is incubated at 37° 
until the fermentation has proceeded to such a point that the 
insoluble portions of the mash begin to rise to the surface of the 
liquefied starch. One cubic centimeter of this is then used to 
inoculate a fresh tube of sterile mash. Within twenty-four 
hours, this tube will have reached conditions favorable for 
transplanting. This time, two or three drops only are used to 
seed a test tube of 10 cc. of mash prepared from an accurately 
weighed amount of oven-dried corn meal (0.5 gram). After the 
proper incubation period, the contents of this tube are emptied 
aseptically into a 300 cc. flask containing 140 cc. of sterile mash 
with a dry corn content of exactly 7 grams. After flaming the 
neck of the flask and replacing the cotton plug, the top is securely 
tied over with heavy paper, or better, covered with tin foil. 
After twenty-four hours of incubation, the insoluble portions of 
the mash have gathered in a slimy mat and have been buoyed 
up to the surface by the gas produced. The end of the fermenta¬ 
tion is evidenced by the falling of this head to the bottom of the 
flask. All analyses excepting that of March 1,1926, were made 
by the titration method. The acetone figure for March 1 was 
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TABLES 


Shamng acetone production hy atrain St, in senes 


I>ATI OV ANALWI 

PIB CB2fT 
ACBTOHS 

April 16,1924. 

5.60 

May 1,1924. 

7.90 

October 1, 1924... 

8.16 

February 1, 1925. 

8.60 

June 1, 1926. 

8.90 

December 1, 1926. 

9.30 

March 1,1926. 

9.30 



TABLES 


Showing acetone production hy strain M 


OATI OF ANALTOn 

FSB CBNT 
ACITONB 

May 1, 1924. 

3.70 

February 1, 1925... 

6.20 

December 1, 1925. 

8.90 

March 1, 1926... 

9.00 



TABLE 10 

Showing acetone production by strain K 


DATI of ANALYSn 

. ..-. 

FIB cBirr 

ACBTONB 

May 1, 1924. 

3.80 

February 1, 1925... 

5.40 

December 1, 1925. 

8.65 

March 1,1926. 

9.10 



TABLE n 

Showing acetone proitiction hy strain So 


DAT! OF AMALTSIS 

FBB CBXT 
ACatOBB 

Ocotober3,1924. 

3.85 

June 1, 1925.. 

8.10 

8.60 

December 1, 1926..... 

Maitth 1,1926... 

8.80 
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computed by the salting out procedure. The increase in yield 
is indicated graphically in figure 1. (See tables 8, 9,10 and 11.) 

The increase in acetone yield of strains St. M, K and So is also 
graphically shown in figure 1. From the fact that the yields of 
the several strains apparently approach one another, and since 
the slopes of the lines have decreased to an almost dead level, 
we may assume that acetone and butyl alcohol production has 
been brought within the vicinity of the noaximum. 

In the commercial use of the solvents-organism, it has been 
customary to allow the spores to lie dormant over a period of six 
months before use. The effect of longer storage is shown in 
figure 2. A low figure is shown for mash fermented with a strain 
which has lain dormant for a period of eight months. The yield 
of acetone dropped 1.2 per cent below the former yield from the 
same material, and 1.8 per cent below the yield furnished by the 
same strain which had been subjected to periodic *‘pasteuriza- 
tions” and frequent transfers. Spore material which was 
preserved over a period of four months lost little or none of its 
potency. In the event that prolonged storage of the sporulated 
material results in poor fermentations, activity may be restored 
to normal very rapidly by frequent “pasteurization” and transfer. 

The rapid increase of acetone production by strain St. between 
the first and second analyses is probable evidence of rapid re¬ 
juvenation after an extended period of dormancy. 

ATTEMPTS TO PEEVENT CONTAMINATION AND INTBBROTTION OP 
THE FERMENTATION PROCESS, BY THE USB OF GERMICIDAL 
OR BACTERIOSTATIC AGENTS 

The primary object of these experiments was to study the 
relative effect of various chemical inhibitory substances upon the 
solvents-organism and upon a common contaminatii^; form, in 
an effort to discover any relationships which might be helpful in 
the formulation of a medium intended to exert a selective action 
favorable to the growth of the butyl organism. Throughout 
these experiments cultures contaminated with B. meseniericus 
were used. The spores of this aerobic organism are highly 
resistant to chemical agents and heat and are frequently en- 
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TABIJE 12 

Showing the influence of sodium chloride 



PBB CUNT NaCl 

COMTBOL 

3.0 

2.0 

1.0 

0.5 

0.3 

Solvents organism. 

B. mesenteric us . 

4- 



4- 

4-4-4* 

4- 

+4-4-4- 

++++ 

++++ 


TABLE 13 
A criflavine 




PRR CENT ACRITLAVINB 









CONTBOL 


1:30T 

1:60T 



1 1:1,200T 


Solvents organism. 

— 

— 

4 

4 



B, mesentericus . 

— 

~ 1 

— 

4 




TABLE 14 
A ceione 




PER CENT ACETOKE 









CONTROL 


10 

5 

3 

1.0 

0.5 


Solvents organism. 

— 

— 

+ 

4 

4 

++++ 

B, mesentericus . 

— 

4 

+ 

4 

4 

++++ 


TABLE 15 

Mixed oils (S: 1 butyl alcohol -f- acetone) 




PER CENT MIXED 0X18 









CONTROL 


3 

1 

0.5 

0.2 

0.1 


Butyl. 

— 

— 

4 

4 

4 

++++ 

B. mesentericus . 

— 

— 

— 

4 

4 

++++ 


TABLE 16 

Showing influence of butyl resorcinol 



PER CENT BUTYL RESORCINOL 

CONTROL 

1:10T 

1:20T 

1:50T 

1:80T 

1:100T 

Solvents organism. 

B, nmenlericus . 

■ 

4 

+++ 

-r- 

+++ 

++++ 

++ 

++++ 

++++ 
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coimtered in supposedly sterile mash. A medium which would 
aid in the purification of contaminated solvents material would. 
be of much practical importance. 

A separation of these two organisms cannot be effected by 
heat. Prolonged heating of nuxed cultures results in the ex¬ 
termination of the spores of Cl. acetobutylicum before a material 
decrease in tifie number of viable mesentericus spores is noticed. 

The result of a number of experiments in which a variety of 
chemical inhibitory substances were used are briefly summarized 
in tables 12 to 16. In general, the mixed ctilture used contained 
only spores of the two organisms. An effort was made to have 
the two forms represented in approximately equal numbers. 

The malt extract agar gelatin medium described on page 400 
was tubed in 30-cc. i>ortions in large test tubes and sterilized. 
The inhibitory substuices were added in concentrated form to 
the melted medium and thoroughly mixed. From these tubes 
were poured two sets of plates, one aerobic and one anaerobic. 
One half of the contents of each tube was poured into a Petri 
dish and allowed to cool; the remainder was inoculated with mixed 
spore suspension in each case, poured into the inverted covers of 
other Petri dishes, and the lower parts of the dishes floated upon 
the surface of the solid^mg mcKlium, as described heretofore. 
After streaking the aerobic plates, both sets were incubated for 
a period of from forty-eight to sixty hours and the colonies de¬ 
veloping from both types of spores counted and tabulated. 

The tables show representative data obtained when these 
and other inhibitory substances were incorporated in the malt 
extract agar gelatin medium. The maximum concentration of 
the antiseptics which allowed growth of the solvents organism 
generally allowed a good growth of the contaminant also. 

Butyl resorcinol, however, gave more encouragu^ results. 

Repeated experimraitation with the butyl resorcinol medium 
showed that between the concentrations of 1:30,000 and 1:60,000 
B. mesentericus spores practically always fail to germinate. The 
solvents organism, on the other haod, exhibits marked indiffer¬ 
ence to the antiseptic within this range. In the higher limits of 
this zone, colony formation by the anaerobe is as extensive and 
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the colonies are practically as large as in control plates containing 
no butyl resorcinol. Pure Cl. acetobutylicum was recovered from 


TABLE 17 

0,6 per cent butyl resorcinol 



TIMS 


■■1 

10 

1 

4 

24 

50 


■■ 

minutcM 

hour 

hours 

hours 

hours 

Solveats organism. 

-f 

4- 

+ 

+ 

-f 

+ 

B, mesenlericus . 

+ 

+ 




— 


TABLE 18 

1,6 per cent butyl resorcinol 



TIMS 


■■■III 



1 

10 

24 


IIBIfll 



hour 

hours 

hours 

Solvents organism. 



+ 

+ 

+ 

4- 

B, mesentericus . 

-f 

+ 

+ 

+ 


— 


TABLE 19 

6,6 per cent butyl resorcinol 


TUCI 




2 

10 

24 

48 


0 

minutes 

minutes 

hours 

hours 

Solvents organism. 

+ 

+ 

+ 

+ 

— 

B, mesentericus . 

+ 

+ 

— 

— 

— 


TABLE 30 

6,0 per cent butyl resorcinol 



TIMS 


0 

2 minutes 

10 minutes 

24 hours 

Solvents organism.*. 

4- 

4- 

4* 

— 

B, mesentericus . 

4- 

+ 




contaminated spore material by picking surface colonies from a 
1:50,000 butyl-resorcinol plate which had been incubated in an 
anaerobic jar. 
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The relative germicidal action of butyl resorcinol on the spores 
of the solvents organism and B. meseniencus was also deter¬ 
mined. Mixed spore suspensions in butyl resorcinol solutions 
of varying concentrations* were incubated for different periods 
of time and loopfuls of the suspension used to inoculate Staphy- 
hcodcus aureus-infected mash. After a twenty-four-hour incu¬ 
bation period, the presence of characteristic butyl fermentation 
indicated the survival of the butyl spores in the germicidal solu¬ 
tion. Streaking agar plates from the incubated mash revealed 
the presence of B, mesentericus when it survived the butyl re¬ 
sorcinol solution. (See tables 17 to 20). 

The experiments dealing with butyl resorcinol as a germicide 
(for spores) as indicated in the tables, give further proof of the 
selective action of this substance. Spores of Cl. acetobutylicum 
exposed to a 2.5 per cent butyl resorcinol solution for twenty-four 
hours retain their viability, but those of B. mesentericus are killed 
in the same solution, in the same test tube, in ten minutes. This 
may furnish another method for the separation of solvents- 
bacillus spore material from this contaminant. 

The selective action of butyl resorcinol can doubtless be 
attributed to the natural resistance which the butyl organism 
must presumably possess against the butyl radical. The value 
of butyl resorcinol as a general germicide is due in large part to 
the presence of the butyl radical, as comparative tests of resorcinol 
and the butyl substitution product indicate. 

SUMMARY AND CONCLUSIONS 

Six strains of butyl alcohol and acetone-producing organisms 
were studied. Pour of these were newly isolated, and two were 
obtained from other laboratories. No qualitative differences 
in physiological properties were noted. These similarities and 
the ready agglutinability of tdl strains with antisera prepared 
by the immunization of rabbits with killed cultures point definitely 
to the conclusion that the organisms studied here, which are 

* Butyl TOBorcinol ia uot very soluble in water, la the stronger concentrations, 
a few drops of alcohol were added to render the germicide miscible with water. 



PRODtJCTION OF BUTYL ALCOHOL AND ACETONE 423 

responsible for large scale production of butyl alcohol and acetone, 
constitute a definite species with clear-cut characteristics. 

The organism is characterized by powerful diastatic, saccharoly- 
tic and proteolytic activities. All of the common and most of 
the rarer sugars are sources of available carbon. Glycerol, re¬ 
garding which there have been conflicting reports, was not at¬ 
tacked in these experiments. 

Experiments on nitrogen requirements indicate that the organ¬ 
ism must have a complex nitrogen supply which is furnished 
by proteins and commercial peptones. Ammonium salts, the 
availability of which has been disputed, were found not to induce 
growth. The negative results obtained with the amino acids 
offer some evidence that simple amin o acids, at least of the types 
used here, fail to support growth. 

By the addition of an aerobe, as for example. Staphylococcus 
aureus, to sterile mash prior to, or simultaneously with, the in¬ 
troduction of “pasteurized” spores of the solvents organism, 
suitable conditions of anaerobiosis are produced for the germina¬ 
tion of the spores. This method has proved more convenient, 
more economical and more efficient than the customary vacuum 
method. 

Estimation of mixed solvent content by the salting-out pro¬ 
cedure as described in this paper has proved to be more convenient 
and rapid than the Messinger titration method. 

The almost continued culturing of Cl. acetobutylicum in 5 per 
cent maize mash, with periodic “pasteurization” after complete 
sporulation, has during a period of two years resulted in an 
average increase in solvent production of over 100 per cent for 
the four strains so treated. The storage of spores for periods of 
over six months apparently decreases the solvents producing 
power. Such stock strain may be rejuvenated, however, by 
alternate “pasteurization” and subculturing. 

A study of the effect of various germicidal and antiseptic 
substances upon both the vegetative form and the spore of the 
solvents-producing organism shows this unique anaerobe to be 
comparatively susceptible to such agents. Exception b fovmd, 
however, in its reaction to butyl resorcinol, which is far less toxic 
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to this organism than to such resistant and hardy forms as 
members of the subtilis-mesentericus group. This property 
may be attributed to the naturally high resistance of the solvents- 
producing species to the butyl radical which is responsible for 
the high toxicity of this compound toward other organisms 
generally. 
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REVIEW OF LITERATURE 

The differentiation of living from dead bacterial cells was 
studied by Metchnikoff as early as 1896, according to Seiffert 
(1922) who gives a brief review of what had been accomplished 
along this line by prior investigators. Henrici (1923) does not 
mention specifically the bacteria studied by him, but his observar 
tions are nevertheless worthy of note. Heat-killed cells stained 
while living cells did not; but with formalin as a killing agent he 
was unable to get any staining. Henrici also noticed that the 
staining was not as intense immediately after the heating as it 
was after several hours had elapsed, and that the cells stained 
more readily after heating to 60 degrees than when heated to 100 
degrees. It is my opinion that the time factor is probably ac¬ 
countable for this difference, those spores killed by heating to 60 
degrees being exposed for a longer period. 

In 1923, Burke, working with the spores of Cl. botuUnum, 
developed a method of differential staining for living and dead 
bacterial spores. Her most intensive work was with the anaerobe 
mentioned, but she also tested the method with B. anthracis, B. 
subtilis, B. vulgatus, and B. cereus, and seemed satisfied with the 
results. The smears were air-dried to avoid heating, and then 
stained by immersion in a beaker of steaming carbol-fuchsin for 
two minutes. The excess dye was washed off with water, then 
with absolute acetone; the acetone was removed with water, and 

^ Thesis presented in partial fulfilment of the requirements for the Certificate 
in Public Health of Yale University. 
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the preparation was counterstained with Loeffler’s methylene 
blue for two minutes. Koser and Mills (1925) found that if they 
followed precisely Burke’s technique with the spores of B. mega¬ 
therium more than half of tbe cells stained solidly, i.e., as if they 
were dead. Such a mortality rate in a young spore suspension 
was unnatural as indicated by the work of Swann (1924). Koser 
and Mills, therefore, proceeded to work out the time and tempera¬ 
ture factors for the staining, and foxmd that one or two minutes 
in carbol-fuchsin, at room temperature, gave satisfactory results 
with B. megatherium, B. cereus, B. subtilis, B. mesentericus and 
B. ramosus, but not with B. terminalis and B. fiisiformis. These 
last two species they were unable to stain differentially. 

The object of the present investigation was to test further the 
reliability of the Burke method, as modified by Koser and Mills 
and, in particular, to see whether this staining procedure will 
distinguish between living and dead spores when death has re¬ 
sulted from some cause other than high heat. 

MATERIAL USED IN THE PRESENT STUDY 

Although the heat resistance of the spore of Cl. botulinum has 
probably been studied more exhaustively than that of any other 
spore, it was not thought wise, in the short time available for the 
study here reported, to make use of a spore which may germinate 
after a year’s incubation. The organism used throughout was 
therefore a stock laboratory strain of B. cereus. The study by 
Winslow and Brooke (1927) gives evidence that the vegetative cells 
of this organism die out quite rapidly in water unless in the pres¬ 
ence of protective colloids. A day was therefore allowed for the 
dissolution of any vegetative cells in the suspension, which was ade¬ 
quate time as shown by the fact that plate counts on successive 
days for over a week revealed no further decrease in the number 
of viable cells present. A suspension was prepared by washing off 
the surfaces of three agar slant cultures with sterilized tap water 
into a 75 cc. test tube. Absorbent cotton filters, made by plugging 
tubes of slightly smaller bore with cotton rolled so that there were 
no creases through which streams of the suspension could leak, 
had been previously sterilized. One of these balls was pushed 
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into the tube containing the wash from the agar slants so that 
it fitted tightly; the liquid was then forced up through it by push¬ 
ing the cotton down, and thus the suspension was strained of its 
clumps. The presence of clumps would not only make the stained 
preparations harder to count, but also as has been shown by Har¬ 
rison and Hood (1923), clumps of spores cause inconsistencies in 
the results of heating experiments. The strained suspension was 
then poured off into a sterile container and adjusted to a turbidity 
between nephelometer values of 1.5 and 2. 

STAINING PROCEDURE 

The same staining solutions were used throughout. The 
carbol-fuchsin was made up as follows: 1.5 grams of basic fuchsin 
dissolved in 15 cc. of 95 per cent alcohol was added to 5 cc. of 
melted phenol crystals in 85 cc. of water. The Loeffler’s methyl¬ 
ene blue was the usual laboratory solution: 30 cc. of saturated 
alcoholic solution of methylene blue in 100 cc. of 1:100,000 
aqueous sodium hydroxide. The suspension placed on the slide 
was allowed to air-dry thoroughly before staining. The pro¬ 
cedure for staining was as follows: after immersion in the carbol- 
fuchsin at room temperature for two minutes, the surplus dye 
was washed off with water, then followed a moment’s decoloration 
with acetone, which was washed off with water before immersion 
in the methylene blue for two minutes. The slides were drained 
dry in preference to blotting. The examination of the slides was 
always made by the same microscope set up, and by artificial 
light. Slides prepared from a suspension heated to sterility 
showed only spores stained solidly red, the vegetative rods stain¬ 
ing blue. In .an unheated suspension, the majority of spores 
showed up as red ring forms, with only a few spores staining 
solidly. Believing that in the practical application of this method 
a doubtfully viable organism was as good as a definitely viable 
organism, a ring stained form was counted as a ring form, regard¬ 
less of the shade of pink in the center. This is a different line of 
division than that chosen by Burke, but would not make any 
perceptible difference in the counts, except in the moderate heat¬ 
ing experiment. 
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In order to determine the reliability of the counting procedure 
employed and the number of cells which must be counted to en¬ 
sure comparability, a series of check determinations was made 
on a single mixture containing approximately equal propor¬ 
tions of a suspension of heat-killed spores and a suspension of 
untreated spores. When 250 cells were coimted the percentage 
of ring-forms (living spores) recorded was 44; when 500 cells were 
counted it varied from 44 to 48 in four trials; when 1000 cells 
were coimted it was 47. It would seem then that the counting 
of 250 cells will yield results within the 10 per cent range of varia¬ 
bility attained by ordinary plating methods. In all my work, I 
counted 500 cells. 

It is important, however, to make the coimts in the central 
part of the preparation, since the debris at the edges causes 
solidly staining spores to be missed. Thus in a special study of 
this point it was found that counts at the edge gave 63 to 69 per 
cent of ring forms as against 52 per cent recorded for the central 
fields. 


PLATE COUNTS 

Considerable difficulty was experienced in determining the 
munber of viable organisms in a suspension by plate counts. 
The ordinary Petri dish is too small. The Kolle flask is better, 
but even here spreaders are hard to avoid. The 10 cm. Petri 
dish was found to be the best form of plating apparatus, but the 
colonies of B. cerem are so large that only 75 to 100 can be ob¬ 
tained as separate colonies on one plate. The results obtained, 
however, were concordant within the normal limits of error and 
plate counts and staining results check rather closely. Thus, 
in an imtreated suspension held for eight da3rs and observed 
daily, the count of viable spores by the plate method varied from 
6,250,000 to 10,000,000 per cubic centimeter, while the proportion 
of ring forms under the microscope varied from 97.8 to 99.5 per 
cent. 


STUDIES ON CELLS KILLED AT 122°C. 

My first studies were made by the method employed by Koser 
and Mills. A standard suspension of viable cells was prepared 
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and divided into portions. One portion was untreated, while the 
other was treated in the autoclave for twenty minutes under 
16 poimds pressure. (The total period in the autoclave was about 
fifty minutes). Observations were then made on (o) the unheated 
suspension, (b) the heated suspension, and (c) a 1.1 mixture of 


TABLE 1 

Spores exposed to steam at 15 pounds pressure for twenty minutes 



VIABLB CXLI^ PBR CUBIC 
CENriMBTXR BV PLATB COUNT 

1 PBB CBNT 

I VXABLB CBLLS 

1 (BINQFORMB) 


Number 

Per cent 

BY MICROSCOPIC 
COUNT 

Unheated suspension. 

28,000,000 

100 

09 

Heated suspension. 

1.1 mixture of heated and unheated sus¬ 

8,400 

0 03 

0 

pension. 1 

15,650,000 

56 

49 


TABLE 2 

Spores exposed to steam at 11 pounds pressure for a moment 


Unheated suspension. 

Heated suspension. 

1.1 mixture of heated and unheated sus¬ 
pension . 


VIABUB CELLS PBR CUBIC 
CBKTIMBTBR BT PLATB COUNT 

PBB CENT 
VIABLB CELLS 
(RING forms) 
BY MICROSCOPIC 
COUNT 

Number 

Per cent 

8,000,000 

100 

99 

43,750 

0.5 

i 1-2 

1 

3,125,000 

39 

59-61 


TABLE 3 

Spores exposed to direct sunlight for varying periods 



PERIOD 

- 

0 hours 

14 hours 

20 hours 

27 hours 

35 hours 

Per cent ring forms. 

99 

94 

89 

83 

79 


the two suspensions. Results of a single typical experiment are 
presented in table 1. 

STUDIES ON CELLS KILLED AT 117°C. 

My next studies were made to determine the effects of more 
moderate heating. In these tests the spores were exposed to 
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steam at 11 pounds pressure for as brief a period as possible, the 
total time in the autoclave being twenty minutes, ten minutes 
for increasmg the pressure and an equal period for decreasing it. 

The general results of one such experiment are presented in 
table 2. 

Here, it will be noted that the percentage of ring forms is sub¬ 
stantially larger than the number of viable cells as indicated by 
the plate count. Furthermore, it was obvious on inspection that 
the microscopic slides showed a great many cells exhibiting an 
intermediate degree of staining, varying from clearly solid forms 
through various stages of dark and light centers to definite rings 
with transparent interiors. Th^e slides were exceedingly dif¬ 
ficult to count with accuracy. 

STUDIES ON SPORES EXPOSED TO SUNLIGHT 

The next observations were made on spores dried on slides and 
then exposed to the direct rays of the sun for seven hours a day 
from 8:30 a.m. to 1 p.m. and again from 2 p.m. to 4:30 p.m. 
This experiment was performed in April when the ultra-violet 
rays of sunlight are of about an average intensity according to 
Hess. 

The results of the microscopic observation of slides thus exposed 
for two, three, four and five days are presented in table 3. Check 
slides held dry in the dark for corresponding periods showed no 
decrease in ring forms and the heating effect of the sun while 
these experiments were conducted was practically negligible. 

In this experiment no intermediate forms were noted, the cells 
appearing either as clear rings or as fully stained circles. It will 
be noted that the percentage of ring forms steadily decreases; 
but it does not decrease nearly as fast as one might expect. 
These tests were not controlled by plate coimts but somewhat 
similar tests by Weinzirl (1914) showed that five different types 
of spore-forming organisms were completely destroyed by expo¬ 
sure to sunlight for two to eight hours. 

STUDIES ON SPORES EXPOSED TO CHEMICAL DISINFECTANTS 

Finally, the same technique was applied to spores exposed in 
suspension for varying periods to acid, alkali, ethyl idcohol and 
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mercuric chloride. Gentian violet was also studied but left the 
spores all viable in the concentrations tested. 

The plate count results obtained by these tests showed in gen¬ 
eral a decrease of 55 to 65 per cent in viable cells and in one in¬ 
stance (after twenty-four hours’ exposure to 1:4000 HgCU) a 
decrease of 96 per cent. Yet in no case was the proportion of 
solidly staining cells in the microscopic preparation substantially 
increased. This observation is in accord with the finding of Koser 
and Mills (1925) for mercuric chloride. 

SUMMARY AND CONCLUSIONS 

1. Burke’s differential staining method for living and dead 
bacterial spores in general stains solidly spores killed by heat. 
Koser and Mills’ modification of Burke’s technique gives an even 
closer correlation of the differential count with the probable death 
rate in aerobic spore suspensions than does the original Burke 
method; but even with this procedure it appears that, when 
spores are exposed to moderate heat, loss of viability precedes the 
changes which cause solid staining. 

2. Exposure to the direct rays of the sun causes a definite in¬ 
crease in the proportion of spores which stain solidly, but the 
proportion of ring forms still remains much higher than would 
be expected according to observations of Weinzirl in regard to 
viability under similar conditions. 

3. Although alcohol, sodium chloride, hydrochloric acid, 
sodium hydroxide and mercuric chloride cause a marked loss of 
viability, there seems to be no corresponding decrease in the per 
cent of ring staining forms. 

4. Spores which stain solidly by the method here described may 
safely be assumed to be dead; but among spores which still show 
the ring staining, there may be many which will no longer grow 
on solid culture media. 

5. The most probable explanation of these phenomena would 
seem to lie in the assumption that the death of the cell precedes 
those chemical or physical changes which affect its stainability; 
while in the case of certain chemical disinfectants, the lethal 
process may be such as to leave the staining reactions substan¬ 
tially imaffected. 
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EMPLOYMENT OF A DOUBLE SUGAR MEDIUM FOR 
ROUTINE DIAGNOSIS OF BACILTARY WHITE DIAR¬ 
RHEA, FOWL TYPHOID, AND FOWL CHOLERA' 
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The ordinary procedure in diagnosing the conunon poultry 
diseases consists in making cultures on agar slants and, after 
growth has appeared, transferring the culture to four fermenta¬ 
tion tubes containing respectively lactose, glucose, sucrose, and 
either maltose, dextrin, or dulcitol. The fermentation of glucose 
alone, either with or without the production of gas, indicates 
the presence of Salmonella pullorum, the cause of bacillary white 
diarrhea. If both glucose and maltose (dextrin or dulcitol may 
be used in place of maltose) are fermented, but neither lactose 
nor sucrose, the organism is Salmonella gallinarvm, the cause of 
fowl tjrphoid. Acid in glucose and sucrose, but not in lactose or 
in maltose, shows the organism to be that of fowl cholera (Pas- 
teurella avicida). 

Hadley and his co-workers (1918) showed that Salmonella 
pullorum and Salmonella gallinarum produce approximately the 
aftmft amount of acid in glucose. Most cultures of S. pullorum pro¬ 
duce gas in glucose. Pasteurella avicida ferments glucose, but not 
as strongly as *5. pullorum and S. gallinarum. These workers also 
demonstrated that maltose is fermented more rapidly and with 
greater acid production by S. gallinarum than are either dextrin or 
dulcitol. S. pullorum produces at once an alkaline reaction in 
maltose, whereas Pasteurella avicida may or may not produce a 
very slight acid fermentation of this sugar. In any case the reac¬ 
tion is never alkaline. The same applies to dextrin and dulcitol. 

‘ Contribution No. 361 of the Rhode Island Agricultural Experiment Station. 
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The above mformation led the author to prepare the following 
medium, having in mind the saving of both time and expense. 
Two formulas are given which show equally good reactions. The 
idea of a double sugar medium is not at all new. Bussell (1911) 
and others have applied such a method to the differentiation of 
fecal organisms. In the preparation of such a medium it is desir¬ 
able to have present, growth-producing materials, in proportions 
which will be conducive to the production of gas by Salmonella 
puUorum .Goodner and May (1927) suggest the following founda¬ 
tion which proved to be entirely satisfactory and is used as the 
basis of one of the formulas: 


Peptone. 10 parts 

Meat extract. 6 parts 

Sodium chloride. 10 parts 

Water. 1000 parts 


To the above is added 16 parts of agar. The materials are 
heated to dissolve them, and the medium is autoclaved and fil¬ 
tered through cotton to clarify it. While the medium is still hot, 
one part glucose, five parts maltose, and ten parts Andrade’s 
indicator are added. The reaction is adjiisted so that the medium 
is a bright red when hot and practically colorless when cold. In 
other words the reaction should be as nearly acid as the use of 
this indicator will permit. The complete medium is now tubed 
to a depth of about two inches and sterilized in the autoclave at 
10 poimds pressure for fifteen minutes. When sterile, the tubes 
are slanted so as to get a deep butt. Inoculations are made by 
surface streak and stab. 

The second formula to be successfully used has for a basis the 
following constituents: 


Proteose peptone (Bifoo)—.. 10 parts 

Sodiiun chloride. 10 parts 

Agar. 16 parts 

Water. 1000 parts 


The medium is clarified by autoclavii^ and filtering, the sugars 
and indicator are added as above, the reaction is adjusted, and 
the medium is tubed, sterilized, and slanted as in the case of the 
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first formula. It will be noted that proteose peptone is used 
in place of the peptone ordinarily employed. and that the meat 
extract is omitted from the second formula. Comparative tests 
showed that the presence of meat extract did not materially aid 
gas production in this medium, while without it there was a more 
marked color reaction. 

The method used for diagnosis of the three poultry diseases 
imder consideration is as follows: 

Cultures from the various organs are streaked on Lactose 
Andrade Agar slants consisting of infusion agar to which has been 
added 1 per cent lactose and 1 per cent Andrade’s indicator. 
The reaction is adjusted as before mentioned. The slants are 
incubated at 37 degrees for twelve hours or more and examined. 
If lactose is fermented or if no growth occurs the test is negative 
for any of the three mentioned diseases. If growth occurs and 
lactose is not fermented, a Gram stain is made of the organism. 
Gram-negative, non-spore-forming rods are inoculated into tubes 
containing one of the double-sugar media described above, and 
sucrose respectively. The lactose serves to eliminate coli-like 
organisms while the sucrose detects the organism of fowl cholera. 
The double sugar medium differentiates between S. pullorum and 
S. gallinarum. The readings depend on the ability of S. pullorum 
to produce gas in glucose, and on the immediate slight reduction 
of acidity in maltose. S. gallinarum shows strong acid producing 
powers in both glucose and maltose. This organism produces a 
permanent deep red color in both the slant and butt of the double 
sugar medium in eighteen to twenty-four hours. Salmonella 
pullorum, on the other hand, usually produces gas in the butt with 
a colorless slant and a faint pink butt. Sometimes, however, the 
faint color appears on both slant and butt. If one is dealing with 
an organism of the so-called anaerogenic type this might prove 
confusii^. In such a case the tube is incubated for twelve to 
twenty-four hours longer. If the organism in question is S. 
pullorum the medium wUl show almost complete decolorization. 
If incubated longer the color entirely disappears. Salmonella 
gallinarum retains its color over an observed period of two weeks. 
If the organism is that of fowl cholera no gas is produced in the 
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double-sugar medium, but the butt is colored a faint pink. The 
acid produced is insufficient to color the slant. The tube of 
sucrose turns red, whereas with S. pullorum and S. gaUimrum no 
change occurs. Several writers have reported irregular results 
on the reaction of S. pullorum in maltose. May and Goodner 
(1927) have shown that these slight positive reactions in maltose 
are due to the fact that this sugar is easily broken down in the 
process of sterilization. They report that sterilization in the 
autoclave at 10 poimds produces less hydrolysis in maltose than 
sterilization in the Arnold. In the medium under discussion the 
power of S. pullorum to produce an alkaline reaction in maltose is 
sufficient to counteract in 48 hours any slight acid fermentation 
of the products of the hydrolysis of maltose. If gas is produced 
the organism is, in any case. Salmonella pullorum. 

Tests conducted on nearly two himdred known and unknown 
cultures showed this method to be more satisfactory than the 
usual cultural methods. Many cultures which failed to produce 
gas, or did so very slowly, in the ordinary glucose fermentation 
tube, showed gas bubbles in the double sugar medium here 
described. In any case the decolorizing action of S. pullorum 
served as a check on the readings. 

There was no apparent difference either in color or in gas pro¬ 
duction if the amount of maltose was increased to one per cent. 
Larger amoimts of glucose than 0.1 per cent could not be used 
because of confusing color reactions. With amounts of glucose 
in excess of 0.3 per cent there was no difference in the amotmt of 
color produced by S. pullorum and S. gallinarum. Here, gas pro¬ 
duction was the only criterion. 

SUMMABT 

A method for the routine differentiation of bacillary white 
diarrhea, fowl typhoid, and fowl cholera is given by wWch the 
cost of material and labor is considerably reduced. The method 
requires about half the number of transfers usually employed, 
and slightly less time is consumed in making a diagnosis. In 
nearly two hundred controlled tests with known and unknown 
cultiues the method gave clear cut reactions. It consists in the 
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inoculation of Gram-negative non-spore-forming rods which do 
not ferment lactose, into a medium containing 0.1 per cent glucose 
and 0.5 per cent maltose. A tube of one per cent sucrose broth 
serves to detect the organism of fowl cholera. 
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The importance of obtaining pure line strains of bacteria, so 
often essential, especially where genetical considerations or ques¬ 
tions of physiological identity are concerned, has only recently 
been recognized. To obtain a single cell for the cultme of a 
bacterium is by no means so easy a task as to obtain a single 
fungal spore or yeast cell. 

Several methods have been described of which the “Chinese 
ink Method” of Burri (1909) is the most popidar. The method 
is excellent in that one actually sees the silhouette of the single 
cell and has an opportunity of watching its development into a 
colony; it is however a very tiresome and tedious technique. 
The “mercury shield” method of Barnard (1921, 1925) is no 
doubt an excellent method in the hands of Barnard, but it requires 
most delicate manipulation and is hardly one which could ever 
come into ordinary laboratory practice. The latest method, that 
of Dickinson (1926), uses a piece of apparatus designed by the 
author and executed by Messrs. Leitz. With this instrument 
he claims that it is quite possible to isolate a single bacterial cell, 
even of the smallest dimensions; whether this can be done with 
sufficient ease to make the operation practicable the writer is not 
in a position to say, but his experience is enough to show him that, 
even if workable, the task for any but the largest forms of bacteria 
would be an extraordinarily tedious one. 

One feels the need of a rough and ready method which can be 
put into everyday practice and which will hold out a ninety-nine 
per cent chance that the culture is pure. It is believed that the 
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method herein described fills this need. It is a modification of 
the old method of separation by attenuation. The attenua¬ 
tions are made in sterile water in a series of five sterile watch- 
glasses. A plate of nutrient agar with the bottom of the dish 
marked by Chinese ink with nine rows of about 10 spots in each 
row, is placed near by. The suspensions are then examined by 
placing a loopful of each in turn under a cover-slip and viewing 
with the microscope to see that the organisms are not clumped 
and to form an opinion as to the density of the suspensions. From 
this inspection, with a little experience, one can judge which are 
the appropriate suspensions to employ. With a steel mapping 
pen, sterilized by alcohol and flaming, the weakest of three 
selected suspensions is taken and spotted on the surface of the 
agar to cover three of the marked rows, one drop being placed 
near to, but not quite exactly over, each of the ink spots. By 
just lightly touching the agar the droplet can be made so small 
that it will easily come within the field of a 2/3 objective, and 
usually one filling of the pen is suflGicient to cover the whole of 
the thirty spots in the three rows. 

The plates after inoculation are incubated over-night at a 
temperatme suitable for the organism, and are examined with the 
low power of the micrescope; the dish being placed bottom up, 
the position of each colony is found by searching the surface of 
the agar in the neighborhood of the ink spot on the bottom of the 
dish. If the plating has been satisfactorily carried out one finds 
that each spot, representing the strongest of the chosen suspen¬ 
sions, shows many initial minute colonies, say fifteen to twenty, 
which vdll later coalesce to form one colony. It seems quite 
clear under the microscope that most of these initial spots arise 
from a single cell. Passmg down the three rows representing 
the second of the chosen suspensions one finds the initial spots 
reduced to a number of one to fomr with here and there a blank. 
Then the rows representing the greatest dilution will contain, 
for the most part, blanks with here and there a colony with one 
point of origin or possibly two points but no more. Now it is 
easy to see that all these colonies which one marks down as having 
arisen from one point, develop during the next few hours into 
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colonies of precisely the same shape and size. Any in which one 
detects two points develop into colonies of greater size. One 
therefore feels that by selecting colonies marked as having one 
point of origin and neglecting any of these which subsequently 
develop to more than minimal size, one can confidently rely on 
such colonies having developed from single cells. 
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